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To THE CONGRESS OF THE UNITED STATES:

Pursuant to the provisions of the National Aeronautics and Space
Act of 1958, as amended, I transmit herewith a report on the ac-
tivities and accomplishments of the National Aeronautics and Space
Administration for the period of October 1, 1960, through June 30,
1961. This is the fifth of these reports since the passage of the
legislation establishing that Agency, and supplements, in more
detail, my annual report of January 31, 1962, which covered some
of the same time period and reported on all agencies with responsi-
bilities in the national effort in aeronautics and space.

Since the period covered by this report, the National Aeronautics
and Space Administration, in cooperation with other agencies of
the Government, has made substantial strides toward meeting our
new and more ambitious aeronautics and space goals. This note-
worthy progress, supported by the Congress, contributed to American
leadership in many significant aspects in space accomplishments
and has laid substantial foundation for greater successes in the future.

Joan F. KEnNEDY.
Tue Wuite Housk, :
July 11, 1962.
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ADMINISTRATOR’S LETTER OF TRANSMITTAL

May 238, 1962.
THE PRESIDENT,
The White House.

Dear Mr. Presment: This Fifth Semi-Annual Report of the
National Aeronautics and Space Administration, covering the period
October 1, 1960, through June 30, 1961, is subnntted to you for
transmlttal to the Congress in accordance with Section ')06((1) of
the National Aeronautics and Space .\ct of 1938.

The report period witnessed continued progress in NASA's re-
search, development, and operational programs. In carrying out
its assignments, NASA has utilized the services of its own personnel
as well as those of other Government agencies, private mdustly,
educational 1nst1tut10ns, and the scientific community. It is worth
noting, too, that since the period covered by this report, the amount
of each NASA dollar spent with industry, universities, and other
privately funded organizations has risen from 80 to 92 cents. Details
of this and such other NASA activities as the first U.S. manned
suborbital flight, the TIROS II meteorological satellite, the Ex-
plorer scientific satellites, and the successful tests of the X-15 research
aircraft are reported in the chapters that follow.

The mounting accomplishments of the United States in space are
something of which all Americans can be proud. Further, the value
of our space activities is already being realized at home and abroad.
For example, our weather satellites are providing valuable advance
information on storms, and our communications satellite research
holds forth the promise of less costly and more efficient communi-
cation between continents.

Through the data from flights of Astronauts Shepard, Grissom,
Glenn, and Carpenter, we are learning how well a man can pilot a
sp‘lcecrdft how he can adjust to the weightlessness and other stresses
of space, and what he can observe to add to the information recorded
by electronic sensors.

Already many Americans have benefited from our space programs.
Liquid oxygen—now produced in large volumes and at lower cost
as a result of space program requirements-—is used in open hearth
furnaces for efficiency and better steel. Liquid nitrogen, available
as a byproduct of the liquid oxygen manufacturi Ing process, is used
to freeze whole blood for storage.
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It is clear that space research will add immeasurably to man’s
knowledge of science, technology, his own planet, the universe, and
possibly of the origin of life itself. The United States is in the
forefront in seeking, obtaining, and disseminating this knowledge.

Sincerely,
James E. WEess,
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CHAPTER 1

Introduction

SU mmary OF PI’OSI’CSS

During the period of this report—October 1, 1960, through June 30,
1961—the National Aeronautics and Space Administration made sub-
stantial progress in its varied programs.

Most noteworthy was the first suborbital flight in Project Mercury,
which took place on May 5, 1961. The importance of this achieve-
ment lies in the fact that it was a prerequisite to manned orbital
flights.

Also during the report period, NASA launched TIROS II—the
second in a series of weather satellites which will eventually provide
worldwide observation of atmospheric phenomena. Televised pho-
tographs of cloud cover and other meteorological data transmitted by
the TIROS satellites have proved valuable in scientific research and
day-to-day weather forecasting. In fact, the weather satellite may
be the most important development in the history of weather obser-
vation and forecasting.

Equally significant were the four successful Explorer scientific sat-
ellites launched by NASA during these months. The data they have
transmitted on the ionosphere, on atmospheric density, on interplane-
tary magnetic fields and solar flares, and on cosmic radiation continue
to shed light on many fundamental problems in basic scientific and
space research. I.ate in the report period, new major national goals
in space and new programs to achieve them were recommended by
the President and endorsed by the Congress. NASA’s long-range
plan of space exploration was revised accordingly and now calls for
a manned lunar landing before 1970. Tt also establishes earlier dates
for the Project Apollo earth orbital and circumlunar missions. Proj-
ect. Apollo will spearhead NASA’s manned space flight program for
the 1960-70 decade.

The National Aeronautics and Space Act of 1958 calls upon NASA
to exploit the earth’s atmosphere and space “for the benefit of
all mankind.” For this purpose, the Agency has been stepping up its
relationships with appropriate agencies of other nations through

642293 0—62— 2 1



cooperative scientific experiments and the exchange of scientific data
and personnel.

NASA also has increased its cooperative space activities within
the U. S. Government. Examples are the SNAP-8 project and Proj-
ect ROVER, joint NASA-Atomic Energy Commission endeavors.
Similarly, NASA’s relationships with private industry, educational
institutions, and rescarch organizations are being substantially
broadened.

An intensive program was begun in 1960 to recruit needed addi-
tional skilled manpower. During the report period, 984 scientific and
engineering personnel were added, as total full-time personnel rose
from 15,603 to 16,995.

Shortly after taking office, the President nominated James E. Webb
to be NASA Administrator. The Senate confirmed the nomination
on February 9, and Mr. Webb was sworn in on February 14, 1961.

Some highlights of NASA activities follow:

... October 21, 1960—The seven Project Mercury astronauts com-
pleted their third centrifuge training program at the Naval Aviation
Medical Acceleration Laboratory, Johnsville, Pa. Simulated Mer-
cury Redstone suborbital flight conditions subjected the astronauts to
the highest acceleration load (16 g's) expected in a Mercury flight.

... November 3, 1960—Explorer VIII was launched into an ellipti-
cal orbit by a Juno IT booster. The Explorer satellite carried instru-
ments to gather data on charged particles and micrometeoroids in the
ionosphere.

... November 15, 1960—X-15 No. 2, with a new 57,000-pound-thrust
XLR-99 engine, made its first test flight. It was piloted by Scott
Crossfield. '

... November 22, 1960—On the second test flight of X-15 No. 2 with
the XLR engine, Test Pilot Crossfield restarted the engine in flight
for the first time.

... November 23, 1960—The TIROS II experimental weather satel-
lite was launched at Cape Canaveral, Fla.

... December 6, 1960—During the third X-15 No. 2 test flight, the
engine was stopped and restarted twice.

... December 9, 1960—NASA research pilot Neil Armstrong made
the first test flight of the X~15 No. 1, equipped with a new sensor nose
device.

... January 3, 1961—NASA’s Space Task Group, Langley Field,
Va., which is responsible for Project Mercury and other manned space
flight prograns, was made a separate field element reporting directly
to the Director of Space Flight Programs at NASA Headquarters.

... January 24, 1961—NASA announced specifications for its active
communications satellite—Project Relay—and asked industries to
submit bid proposals.
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- January 31, 1961—A fully equipped operational Mercury cap-
sule containing a chimpanzee made a 16-minute suborbital flight 421
miles down the Atlantic Missile Range. On this Mercury Redstone
(MR-2) flight, the capsule’s systems functioned well and the test
animal survived in good condition.

-+« February 10, 1961—NASA “bounced” a telephone message from
Washington, D.C., to Woomera, Australia. via the moon. NASA's
Goldstone, Calif., tracking station sent the signals to the moon; the
newly completed Deep-Space Tracking Station at Woomera, Aus-
tralia, 8,000 miles from Goldstone, picked up the reflected signals.
This was the first “moon bounce” transmission between such widely
separated points.

... February 16, 1961—Explorer IX, a 12-foot balloon satellite to
measure atmospheric density, was launched by a Scout rocket from
Wallops Station, Va. Lost at first because its radiobeacon was not
transmitting, it was later sighted and tracked by cameras and
telescopes.

... February 21, 1961—An unmanned Mercury spacecraft boosted
by an Atlas launch vehicle made a successful 1,425-mile flight down
the Atlantic Missile Range from Cape Canaveral. The spacecraft,
which reached an altitude of 107 miles and a velocity of 12,850 m.p.h.,
was recovered by a helicopter.

... February 21, 1961—Astronauts John Glenn, Virgil Grissom, and
Alan Shepard were selected as members of the pilot team for the first
Project Mercury flights.

... March 7, 1961—Maj. Robert M. White, USATF, piloted X-15
No. 2 to a speed record of 2,905 m.p.h.

... March 10, 1961—The Jet Propulsion Laboratory, Pasadena,
Calif., picked up radio signals reflected by Venus. The signals, trans-
mitted by JPL’s Goldstone Tracking Station, came in strong and clear
after a 615-minute, 70-million-mile round trip. This transmission
began a 2-month study of Venus.

... March 16, 1961—Goddard Space Flight Center, Greenbelt, Md.,
was dedicated.

... March 2}, 1961—A Redstone launch vehicle carried a Mercury
capsule to an altitude of 115 miles in a ballistic test flight at the At-
lantic Missile Range. This mission qualified the Redstone for
manned suborbital flights.

... March 25, 1961—FExplorer X, a 78-pound probe to collect in-
formation on magnetic fields and interplanetary gases, was success-
fully launched from Cape Canaveral.

... March 30, 1961—The X~15 No. 2, piloted by NASA Research
Pilot Joseph A. Walker, reached a record altitude of 169,600 feet
(32.12 miles). ‘



... April 6, 1961—In ground tests, a thrust chamber of the 1.5-
million-pound-thrust F-1 engine produced a record thrust of 1,640,000
pounds for 13 seconds.

... April 21, 1961—Maj. Robert M. White, USAF, flew the X-15
No.2at 3,074 m.p.h. (Mach 4.6).

... April 27, 1961—Explorer X1, the world’s first astronomical ob-
servatory satellite, was placed in orbit to detect and help determine
sources of gamma rays.

...May 1, 1961—The Goddard Institute for Space Studies began
operations in New York City. A branch of the Theoretical Division
of the Goddard Space Flight Center, the Institute conducts theoretical
research related to NASA space science programs. It is directed by
Dr. Robert Jastrow.

... May 5, 1961—The first manned suborbital flight in the Mercury-
Redstone (MR-3) was made by NASA Astronaut Alan B. Shepard.

... May 23, 1961—TIROS II completed 6 months in orbit. It trans-
mitted useful meteorological information, including 31,485 television
pictures, during the period.

... May 25, 1961—NASA Research Pilot Walker flew the X-15
No. 2 to a speed of 3,307 m.p.h. (Mach 5.0).

...June?,1961—NASA and the AEC announced plans to negotiate
a contract for design and development of the NERV A nuclear rocket
engine with an industrial team consisting of Aerojet-General Corp.
and Westinghouse Electric Corp. NERVA is part of Project
ROVER, a joint NASA-AEC program for development of a nuclear
rocket propulsion system.

...June 23, 1961—Maj. Robert M. White, USAF, flew the X-15 at
3,603 m.p.h. (Mach 5.3), or 1 mile a second.

...June 28, 1961—NASA, the Department of Defense, and the
Federal Aviation Agency jointly urged development of a supersonic
jet transport capable of cruising at Mach 3 (2,000 m.p.h.).




CHAPTER 2

Manned Space Flight

Proiecfs Mercury and Apo"o

Astronaut Alan B. Shepard, Jr.’s successful suborbital flight on
May 5, 1961, climaxed 9 months of steady progress in Project Mer-
cury, first phase of the manned space flight program.

Meanwhile, beyond Mercury, NASA plans were proceeding for
more advanced space missions, starting with Project Apollo; this
manned lunar exploration program has been accelerated as a result
of the President’s May 25, 1961, decision to land a crew on the moon
by 1970 and his recommended increases in the Agency’s 1962 budget
request.

Project Apollo is a major step toward manned exploration of the
solar system. The lunar program will provide the Agency with the
experience for subsequent flights to the nearer planets. The planetary
missions, in turn, will have as their scientific objectives the study of
the origin and evolution of the solar system, the study of the nature of
planetary surfaces and atmospheres, and the search for life forms.

Need for Manned Space Flight

Scientists have explained why man rather than instrumentation
alone is setting out to explore the moon and the regions beyond as
follows:

Man’s integration with a vehicle system greatly enhances its reli-
ability. Besides performing pilot, navigator, and flight engineering
functions, man can make in-flight tests and repairs. (The X-15
rocket-powered research airplane program is a striking example. At
least one-fifth of the test flights to date would have failed without a
pilot in the cockpit to correct malfunctions of equipment, instruments,
and powerplant. In many cases, the X-15 pilot brought back valu-
able flight data that would have been lost in an unmanned eraft because
of telemetry or instrument failure.) Similarly, in space exploration,
man’s ability to observe, to reason, and to take action cannot be repro-
duced by instruments.



Project Mercury Advances

Work on Project Mercury at Cape Canaveral and at the plant of
the capsule contractor, McDonnell Aircraft Co., St. Louis, Mo., went
ahead on a three-shift, 7-day-week basis in preparation for the first
manned orbital flight. The developmental flight test program had
begun on September 9, 1959, with the first of a succession of unmanned
flights using Little Joe, Redstone, and modified Atlas D launch ve-
hicles to test capsule performance and operational techniques.

Nine unmanned flight tests and one manned suborbital flight test
of the Mercury spacecraft were conducted during the report period.
These tests—in the main highly successful—helped pave the way for
the first manned orbital flight. Detailed accounts of the tests follow
in chronological order:

Little Joe 5 Test

In what was to have been a test of the capsule escape system under
maximum aerodynamic pressures, a solid-fuel Little Joe launch vehicle
fired a Mercury production capsule from Wallops Station, Va., Novem-
ber 8, 1960. Because of a faulty switch assembly, the escape rocket
fired prematurely during the launch phase; as a result, the capsule
clamp ring did not release, and the capsule did not separate from the
booster.

The escape tower, capsule, and launch vehicle combination followed
a ballistic trajectory and landed 13 miles offshore. The capsule and
parts of the launch vehicle were recovered from the ocean floor at a
depth of 70 feet.

First Mercury-Redstone Launch Attempt

The first Mercury-Redstone (MR-1) launch attempt took place on
November 21, 1960, at Cape Canaveral. However, the Redstone engine
cut off moments after ignition, when the vehicle had lifted scarcely a
fraction of an inch off the pad. As a result, the Mercury escape tower
received the signal for normal engine burnout, which should not have
occurred until 140 seconds after lift-off. The escape tower’s rocket
fired, carrying the tower away from the capsule just as it would have
after normal launch vehicle shutdown. The tower was carried to an
altitude of about 4,000 feet, leaving the capsule still joined to the
Redstone, and landed 1,200 feet northwest of the launch pad. The
Redstone suffered minor damage when it settled back on the pad.

Later examination disclosed that an electrical cable from the launch-
ing platform to the launch vehicle disconnected about 20 milliseconds
too soon because of a faulty circuit. The circuit was modified to pre-
vent recurrence.




Second MR-1 Test Succeeds

After a few components were replaced, the same capsule used in the
previous attempt was launched on December 19 by a Redstone vehicle.
After a 16-minute flight at speeds up to 4,300 m.p.h., the capsule was
recovered by a helicopter from the Atlantic Ocean off Grand Bahama
Island. The capsule traveled 240 miles, reached an altitude of 135
miles, and landed within 8 miles of the programed Impact area, with
all systems performing satisfactorily.

Purpose of the flight : to qualify the capsule and Redstone combina-
tion on a short-range ballistic flight preparatory to manned flight.
The seven Mercury astronauts—two of them in an F-106 Delta Dart
chase plane—witnessed the launch.

During the 140-second boost phase, gravity forces built up to 6 g’s
and velocity to 4,300 m.p.h. At Redstone burnout, the 16-foot escape
tower was jettisoned, and the capsule separated 10 seconds later. Auto-
matic stabilization and control system jets steadied the capsule and 5
seconds after separation turned it 180° so that the beryllium heat
shield faced forward.

After coasting to an altitude of 135 miles, the capsule was oriented
for retrorocket ignition by its reaction control jets. Following retro-
rocket firing, the capsule was oriented by its stabilization and control
system in a heat-shield-down position. It fell to an altitude of 21,000
feet, where the parachute sequence began. The capsule was spotted
by the recovery helicopter when it reached 5,000 feet.

MR-2 Carries Test Animal

On January 31, 1961, a Redstone (MR-2) fired from Cape Canav-
eral a fully equipped, operational Mercury capsule on a 16-minute
suborbital flight. The capsule contained test animal No. 65—a 8714-
pound chimpanzee named “Ham” (for Holloman Aeromedical Lab-
oratories, Holloman Air Force Base, N. Mex., where he was trained).
Forty-three months old and 3 feet tall, Ham had been selected from
a colony of six chimpanzees taught to perform simple manual tasks
during space flight tests.

A booster malfunction sped the capsule considerably farther,
faster, and higher than planned, but the spacecraft’s systems func-
tioned well and the test animal survived the flight in good condition.

At lift-off, the Redstone's thrust regulator “overthrottled,” and
more thrust was produced than had been programed. The velocity
integrator—which should have sensed the overspeed—was not acti-
vated soon enough. Consequently, the booster burned out 5 seconds
prematurely at 137 seconds and at a higher speed than expected.
This burnout triggered the automatic abort sequence, separating the
capsule from the rocket. The flight plan called for: (1) a capsule
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speed of 4,200 m.p.h.; (2) an altitude of 115 miles; (8) a range of
9290 miles; and (4) reentry acceleration forces of 12 g’s. Actual flight
maximums were: (1) 5,100 m.p.h.; (2) 156 miles; (3) 421 miles; and
(4) 17 g’s during escape-rocket firing and 14.6 g’s on reentry.

The capsule abort sequence functioned well. The main parachute
opened, as programed, at 10,000 feet and the capsule landed in the
Atlantic, 225 miles northeast of Grand Bahama Island, 100 miles
from the nearest surface recovery ships. The capsule remained
upright for 214 hours, until the heavy seas toppled it on its
side. Wave action had worn the straps which connect the heat shield
to the capsule. The heat shield, which normally serves—with the
impact bag—as a sea anchor, sank.

Three hours after lift-off, a helicopter retrieved the capsule from
the water and, 46 minutes later, lowered it to the deck of the landing-
ship dock (LLSD) Donner.

Secured in a sealed, pressurized flight couch, the chimpanzee suf-
fered no ill effects from the flight. Telemetry records revealed that
even during maximum-g and through 614 minutes of weightlessness,
Ham performed shock-avoidance and light-recognition lever-pushing
tasks, as he had been trained.

MA-2 Flight Highly Successful

Project Mercury passed an important milestone on February 21,
when the Mercury-Atlas combination functioned smoothly during a
severe test at Cape Canaveral. The successful flight was an essential
step before manned orbital flights could be attempted.

The purpose of this test was to shut down the Atlas prematurely
and simulate an abort. Then the capsule would enter the atmosphere
steeply, and encounter maximum airloads and heating rates.

Powered flight was normal ; after-separation, the capsule coasted to
an altitude of 107 miles where its automatic stabilization and control
system oriented it for a steep entry. The capsule landed 1,425 miles
downrange in the Atlantic about 18 minutes after lift-off, attaining
a maximum velocity of 12,850 m.p.h. Maximum reentry deceleration
was 16 g’s.

A U.S. Navy search aircraft sighted the capsule 4 minutes after
it landed; a Marine helicopter recovered it and deposited it on the
deck of LSD Donner shortly afterward.

The capsule performed well under the severe entry temperatures.
A few representative maximum temperatures sustained by the cap-
sule: conical shingle, 1,200° F.; antenna canister, 1,500° F.; and inner
skin of cabin, 140° F.

To reduce the stresses caused by aerodynamic turbulence down-
stream of the capsule payload (pressure disturbances which do not




exist for the standard Atlas payload), the MA-2 booster was modified
by the addition of an 8-inch-wide stainless steel band at the top of the

liquid oxygen tank. The adapter was also strengthened with rein-
forcing rings.

Little Joe 6 Partial Success

A March 18 test of the capsule escape system and structure, under
the maximum aerodynamic forces it would undergo in an abort dur-
ing an Atlas launch, did not fulfill its objectives.

Twenty seconds after the Little Joe vehicle lifted off with the cap-
sule from Wallops Station, Va., the escape sequencer malfunctioned,
causing the escape rocket to fire 14 seconds prematurely.

Twenty-three seconds later, the capsule was separated and tumbled
away from the booster. The tumbling deployed both main parachutes
simultaneously, and the capsule landed in the Atlantic 18 miles south-
east of Wallops. Despite the mishap, the capsule survived the
23-minute flight in sound condition. An unexpected bonus was the
finding that the capsule could withstand the shock of parachute-
opening pressures greater than its design limits.

Mercury Redstone Booster Qualified

After the Redstone malfunctions in the MR-2 flight, the thrust
regulator and velocity integrator were modified to prevent recurrence
of overspeeding. On March 24, the modified Redstone, carrying a
boilerplate Mercury capsule, was launched from Cape Canaveral to
an altitude of 115 miles and a downrange distance of 311 miles. (The
test did not call for capsule separation and recovery.) The completely
successful flight qualified the Redstone for manned suborbital flights.

Mercury-Atlas (MA-3) Aborted

An attempt to launch a Mercury capsule containing a mechanical
astronaut-simulator on a one-orbit flight was aborted on April 25 at
Cape Canaveral because of a faulty programer in the Atlas booster.
The flight would have tested the capsule systems and the worldwide
communications, tracking, and recovery networks.

Forty seconds after lift-off, the range safety officer sent a command
signal cutting off fuel to the booster and starting the capsule abort
sequence. After an automatic delay of 8 seconds, the booster was
destroyed.

The abort maneuver, which took place at 14,000 feet, proceeded
normally. The capsule coasted to a maximum altitude of 24,000 feet
and landed 600 feet offshore. It was not damaged, and all systems
functioned satisfactorily.



Little Joe 5B Succeeds

The capsule flown in the Little Joe 5 test on November 8, 1960, was
recovered in good condition and reflown on April 28, 1961, from
Wallops Station in another attempt to attain the original flight ob-
jectives—to test the capsule escape system.

The test was successful, but unexpectedly severe. One of the booster
engines fired 5 seconds late, causing the booster to pitch over more
rapidly than planned and to fly a low-altitude trajectory. The peak
altitude of 14,000 feet was less than half the programed altitude. Be-
cause of the high density at this lower altitude, the aerodynamic
pressures were approximately twice as great as planned. The capsule
performed well and was recovered in excellent condition.

First Manned Suborbital Flight (MR-3)

The first manned suborbital flight in Project Mercury was carried
out successfully on May 5, 1961.

At 9:34 am., es.t., a 78,000-pound-thrust Redstone lifted off from
Pad 5 at Cape Canaveral, carrying astronaut Alan Bartlett Shepard,
Jr., 37, in a Mercury spacecraft.

The 2,700-pound capsule landed 302 miles downrange in the At-
lantic Ocean 15 minutes 22 seconds later, after reaching a peak altitude
of 11614 miles and a top velocity of 5,180 m.p.h.

Astronaut Shepard underwent 5 minutes 4 seconds of weightless-
ness, and maximum reentry forces of 11 g’s. He carried out all his
tasks as assigned and suffered no adverse physiological effects from
his flight.

The flight sequence:

...1:05 am.—Shepard and his backup—fellow astronaut John H.
Glenn, Jr.—are awakened in Hangar S quarters by Air Force Surgeon
William K. Douglas. Shepard and Glenn eat low-residue breakfasts.

... 2:20 a.m.—Dr. Douglas completes physical examination of both
men.

... 4:00 a.m.—Shepard, now completely dressed in a 30-pound alu-
minized nylon and rubber pressure suit, steps into medical van for ride
to Pad 5.

...5:15 a.m.—Shepard leaves van, rides up gantry elevator, and
climbs into the capsule (named “Freedom 7’) on top of the 69-foot
launch vehicle.

... 6:10 a.m.—Capsule hatch is closed and sealed.

... 931 am—Lift-off. During lift-off, Shepard reads instruments
and reports all operations are normal. “This is Freedom 7, the fuel is
go. 1.2 g, cabin at 14 p.s.i. (pounds per square inch), oxygen is go.”
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Close-up of the Mercury capsule. The "cherry picker" crane stands by to remove the pilot
in case of trouble as the launch countdown nears its end
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... T plus 2:22; Redstone engine shutdown. Automatic signal given
to capsule to separate escape tower. Capsule separation occurs 10
seconds later.

... T plus 2:37; autopilot yaws capsule 180° so that heat shield
faces forward.

... T plus 3:10; Shepard turns off automatic controls and assumes
mannal control—a task not known to have been previously performed
in space. Shepard: “Switching to manual pitch.”

... T plus 4:44; an automatic timer in capsule starts retrofire se-
quence; the capsule is reoriented to retrofire angle of 34° in pitch
and 0° in yaw and roll.

... T plus 6:20 ; astronaut places capsule at atmosphere entry angle,
40° from the local horizontal.

...'T plus 7:48; start of entry is indicated by 0.05 g light on capsule
instrument panel.

... T plus 9:38; drogue parachute deploys at altitude of 21,000
feet.

... T plus 10:15 ; main 63-foot-diameter parachute deploys at 10.000
feet. Capsule descent now at rate of 30 feet per second. Sarah
Beacon, a radio homing device, is activated.

... T plus 15:22; landing. Astronaut begins recovery aid pro-
cedure—releases yellow-green dye marker and HF whip antenna.

Recovery Operation Smooth.—When the Redstone engines cut off,
a message giving the impact point predicted by the computer was sent
to the aircraft carrier U.S.S. Lake Champlain in the landing area
northeast of Grand Bahama Island. This information enabled the
pickup helicopter pilots to locate the capsule and follow it closely.
A Marine Corps helicopter snared the lifting hook on top of Free-
dom 7 with a “shepherd’s crook,” a 12-foot aluminum pole with spring-
locking hook, and pulled the capsule partially out of the water; the
helicopter crew then dropped another line with a “horsecollar™
harness to Shepard who had removed the hatch and was sitting in the
hatch frame. He was hauled into the helicopter within 2 minutes of
landing and was on board the carrier 3 miles away, after another
6 minutes.

Six destroyers lay along the path of his flight, and ten search-and-
chase aircraft were in the air.

Shepard Debriefed.—After a preliminary medical examination
aboard the carrier, Shepard was flown to Grand Bahama for 2 days
of combined medical and technical questioning.

The astronaut said he was very comfortable during the weightless
period and that the water landing was no more severe than the shock
a pilot receives when his airplane is catapulted from a carrier.
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Mercury Redstone 3, carrying Astronaut Alan B. Shepard, is launched at Cape Canaveradl,
Fla., May 5, 1961
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Vibrations Encountered—He said that the launch and entry ac-
celerations were identical with those he had experienced many times
on the human centrifuge-at the U.S. Naval Air Development Center,
Johnsville, Pa. He did, however, notice a mild vibration as the cap-
sule sped through the transonic speed range during launch; the vibra-
tion continued through the maximum dynamic pressure region.
Although his vision was somewhat blurred during this 10-second
vibration period, he was able to read several critical capsule pressures
on the instrument panel.

The vibrations, which were expected, were caused by aerodynamic
turbulence downstream from the capsule-to-adapter clamp ring.
Subsequent flights will incorporate special clamp ring fairings which
should reduce the turbulence and the resultant vibrations.

Manual Controls Used.—The retrofire maneuver was accomplished
by using the manual control system and observing the rate and atti-
tude indicators. ‘Shepard reported that the rocket thrust misalinement
was small and that it caused relatively low angular disturbances on
the capsule. He felt that the actual angular acceleration imparted
to the capsule provided motion cues which made attitude control
easier than in the fixed-base training simulators. He also felt that
because more visual, acceleration, and audio cues were present during
flight than in the simulators, he had positive assurance of events such
as capsule separation, escape-tower jettison, retrofire, retropack jetti-
son, and parachute deployment.

Physiological Observations—Physiologically, Shepard’s perform-
ance was similar to that observed during the training sessions on the
Johnsville centrifuge. His heart rate did not exceed 135, and his
respiration rate was normal. Zero gravity caused no difficulty; the 5
minutes of weightlessness were hardly noticeable because his attention
was occupied with capsule-control duties and visual observations
through the periscope and windows.

Astronaut Training and Other Project Details

Three Astronauts Selected.—Several weeks before the first manned
Mercury-Redstone flight, NASA chose three of the seven astronauts
to begin contentrated training. They were Lt. Col. John H. Glenn, Jr.,
USMC; Capt. Virgil I. Grissom, USAF; and Comdr. Alan B. Shep-
ard, Jr., USN.

In announcing the decision, Robert Gilruth, Director of Project
Mercury, said : “Selection of the pilot team was based on an evaluation

1For complete technical and medical details of the test see Chapter 18, “Life Science
Programs,” and also: U.S. National Aeronautics and Space Administration in cooperation
with Natfonal Institutes of Health and Natlonal Academy of Sciences. Conference on Med-

ical Results of the First U.8. Manned Suborbital Space Flight. A compilation of the
papers presented, Washington. D.C., June 6, 1961.
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NASA Astronaut Alan B. Shepard, Jr., and his spacecraft after the first Project Mercury
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of the large amount of medical and technical information accumu-
lated during the initial pilot selection process and the 22-month train-
ing program. * * * I would like to emphasize that all seven of the
Mercury pilots are eligible for selection for later ballistic and orbital
flights. * * * All seven men will work as a team during actual flight
operations, with the six remaining pilots manning technical support
and communications positions.”

Throughout the report period, the astronauts “flew” in centrifuges
and other space flight simulators, continued their wide range of
studies, and took part in the unmanned flight tests in supporting
roles; 1.e., they flew photographic “chase” planes or handled communi-
cations with the capsule.
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The seven Mercury Astronauts: Front, left to right—Walter M. Schirra, Jr., Donald K.
Slayton, John H. Glenn, Jr., and M. Scott Carpenter. Back, left to right—Alan B. Shepard,
Jr., Virgil 1. Grissom, and L. Gordon Cooper, Jr.

For the May 5 suborbital flight, Astronaut Glenn stood by as backup
pilot, and the other astronauts occupied key posts throughout the test.
Mercury Weather Network Established—On October 17, 1960,
NASA and the U.S. Weather Bureau announced establishment of a
Project Mercury weather-support group in the Bureau’s Office of
Meteorological Research. The group will forecast the winds, state
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of the sea, cloudiness, and visibility for all areas beneath the proposed
orbit, with particular emphasis on the central Atlantic Ocean. The
network headquarters is in Suitland, Md., adjoining the National
Meteorological Center. The group also has units in Miami and Cape
Canaveral.

Space Task Group Manages Project Mercury.—Responsibility for
management of Project Mercury is as follows:

The NASA Space Task Group (STG) has overall systems manage-
ment responsibility. STG drew up the Mercury capsule specifications
upon which the contractor capsule proposals were made. (The cap-
sule contract was awarded to McDonnell Aircraft Corp., St. Louis,
Mo., on Februvary 6, 1959.)

Tracking and communications network specifications were estab-
lished by STG and the Langley Research Center. (The Western
Electric Co. was selected as network contractor on July 13, 1959.)
Capsule recovery is a joint NASA-Department of Defense effort.

Recovery Support—The Defense Department recovery support for
Project Mercury is under the direction of the commander of Destroyer
Flotilla 4 at Norfolk, Va. The recovery forces include naval vessels,
aircraft, helicopters, and amphibious rescue craft.

PROJECT APOLLO
THREE MISSIONS

EARTH ORBIT

LUNAR LANDING

CIRCUMLUNAR
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Mercury Medical Team Organized—A team of 160 military and
civilian medical specialists has been organized to serve with Project
Mercury’s recovery and tracking forces for the manned orbital flights.
Most of these will stand by at hospitals near high- and low-probability
landing areas, such as Cape Canaveral or Puerto Rico, to check the
astronaut after flight. The balance will team with engineers at the
16 tracking and communications stations spotted under the orbital
flight path to monitor the capsule systems and the astronaut’s physical
condition.

Contractor Delivered Capsules—During the report period, seven
new and two refurbished capsules were delivered to NASA by Mec-
Donnell Aircraft Corp. Many detailed, but no major, design changes
were specified. However, the delivered capsules incorporated design
changes initiated earlier in the program; for example, the No. 7 cap-
sule used in Shepard’s flight incorporated the impact-absorbing bag,
but not the larger “picture window.”

Project Apollo

Project Concepts Deve|oped

The Mission.—Basic concepts for Project Apollo have been worked
out in numerous NASA and NASA-sponsored studies. The ultimate
objective of Project Apollo was described as the landing of three
men on the moon. After exploring the Junar surface, the crew will
launch their spacecraft and return to earth. This objective will be
reached in progressive steps.

The Apollo spacecraft will first be flown in earth-orbit where its
many components and systems will be well tested and evaluated in
the space environment. These flights will also provide for crew
training and the development of operational techniques. In conjunc-
tion with these qualification flights, the spacecraft can be used as an
earth-orbiting laboratory for scientific measurements and technological
studies.

Next, the spacecraft will be flown to greater and greater distances
from the earth until manned circumlunar flight is achieved. In ecir-
cumlunar flights, the crew will perform many of the guidance and
control tasks that will later be required for the lunar landing mission,
including return to earth, high-speed reentry, and earth landing.

Many Launch Vehicle Approaches Considered—Fully as complex
as the spacecraft is the development of reliable, workhorse launch ve-
hicles and the gigantic launch pads with associated groundbased
equipment. A number of launch vehicles and techniques are being
considered for these missions. The two-stage Saturn C-1 will launch
preliminary earth-orbital missions. The booster for the circumlunar
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mission had not been selected during this report period, but the giant
Nova, still in the concept stage, may propel the manned spacecraft
to lunar landing trajectories. Rendezvous techniques are also under
study. NASA is developing the required large liquid engines, and
large solid propellant motors are under U.S. Air Force study and
development.

The Apollo Spacecraft Concept.—The Apollo spacecraft design has
not yet been set but is likely to develop along the following lines:

To carry out its many missions Apollo will have to use the so-
called modular concept. This concept uses various building blocks
or modules of the vehicle systems for different phases of the mission.

The first component, the command center module, will house a
three-man crew during the launch and reentry phases of the flight ; it
will also serve as a flight control center for the remainder of the
mission.

The second unit is the service module. In earth-orbital flights it
will return the craft to earth under both normal and emergency con-
ditions. It will also be used for maneuvering in orbit and for orbital
rendezvous with other satellites. For circumlunar flights, this same
propulsion module will be able to return the spacecraft to earth safely
from any point along the lunar trajectory. On circumlunar flights,
it will provide midcourse and terminal guidance corrections; and it
can place the spacecraft into a satellite orbit around the moon and
eject it from that orbit and return it toward the earth. For the lunar
landing mission, the same propulsion unit will be the takeoff stage from
the moon to return the spacecraft toward the earth.

The third module is the propulsion stage that will decelerate the
spacecraft as it approaches the moon and gently lower it to the moon’s
surface.

For the earth-orbital missions, a module can be added to serve as an
earth-orbiting laboratory.

Of all the modules mentioned, only the command center will be
designed to be able to reenter the earth’s atmosphere and to be recov-
ered on the surface of the earth.

Thus, the Apollo spacecraft is versatile, involving the development
of a number of components but making maximum use of these com-
ponents for three Apollo missions.

Major Problem Areas—A vast range of problems is associated with
development of Apollo spacecraft and the Saturn and Nova launch
vehicles. A few examples follow :

... During launch, the mission must be capable of being aborted at
speeds up to burnout velocity of 25,000 m.p.h.

... Personnel safety must be assured in event of a booster explosion ;
provisions must also be made to protect the Apollo flight and launch
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crews from the great noise of multimillion-pound-thrust rocket
engines.

... Booster guidance must accurately insert the spacecraft on a pre-
cisely determined trajectory to minimize corrections required during
the mission.

... When it leaves the earth’s atmosphere, the spacecraft will
encounter various forms of radiation in the Van Allen zones and
beyond. The shielding of the spacecraft and operational techniques
to avoid the radiation are major problems involving numerous un-
knowns at the present time.

... A knowledge of the surface environment of the moon—its hard-
ness and composition—must be obtained by unmanned exploration
before Apollo’s landing gear can be designed.

SATURN C1/APOLLO 2nd Srage Separation

. . . Lift-off from the moon will require major launch operation
advances. All equipment for the lunar takeoff must be prepared and
checked out by the three-man crew. This number contrasts strongly
with current launchings from Cape Canaveral which involve hundreds
of people on the launch pad, in the blockhouse, and in the control
centers, and indirectly involves thousands more at the checkout and
tracking facilities. Furthermore, the propulsion and guidance systems
for the lunar lift-off must be of the highest reliability if the space-
craft is to hit the proper trajectory for its earthward flight.

.. . Finally, when the spacecraft reaches the earth’s atmosphere
on the return trip, it will be traveling at more than 25,000 m.p.h.
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Aerodynamic heating will be far more severe than at satellite speeds
of 18,000 m.p.h. Also, the spacecraft must enter the earth’s atmos-
pheric fringe in a “flight corridor” that must be accurate to within
about 40 to 60 miles. If the spacecraft fails to hit this narrow corri-
dor—after a flight of a quarter million miles—it will encounter ex-
cessive deceleration or skip back out into space.

Three Feasibility Studies Completed—Besides numerous NASA
studies (whose substance has been outlined above) three feasibility
design studies by manufacturers were submitted on May 15, 1961. The
concurrent 6-month contracts of $250,000 each were with Convair
Astronautics Division of General Dynamics Corp.; the General Elec-
tric Missile and Space Vehicle Department; and the Martin Co.

A major NASA-Industry Conference on Project Apollo was set for
late July, and by mid-August NASA was scheduled to invite a num-
ber of companies to submit prime contractor proposals for the com-
mand center module of the Apollo spacecraft. At the same time, the
companies were to be provided with copies of the feasibility studies
and a detailed set of specifications. A fter bidsin October 1961, NASA
expects to decide upon a final design and award the prime contract by
the end of the year.
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CHAPTER 3

Satellite Applications

NASA Research Points Toward Operational Systems

With the feasibility of meteorological and passive communications
satellites proved by TIROS I and Echo I, respectively, NASA re-
search moved ahead toward future operational systems.

In space applications, weather satellites appear to hold almost im-
mediate promise of returning the investment, not only in terms of
dollars, but also in terms of savings in human lives and property by
providing the data necessary for more accurate forecasting of hurri-
canes and other severe storms.

Also promising for the near future are communications satellites—
both the passive, or reflective, “balloons™ such as Echo I, which can
“bounce” radio signals over great distances; and active repeaters,
such as the upcoming Relay series, which can receive messages trans-
mitted from the ground and retransmit them to ground stations thou-
sands of miles distant.

During the period, NASA launched one applications satellite,
TIROS II, which is discussed below. Communications and meteoro-
logical satellites which NASA is preparing for future launchings are
described in Chapter 9, “Satellite Development.™

TIROS Il Weather Satellite

Launched Into Near-Circular Orbit

On November 23, 1960, NASA launched TIROS (Television and
Infrared Observation Satellite) II, an experimental meteorological
satellite, from Cape Canaveral, Fla. The satellite was designed to
obtain data on the earth’s cloud cover and heat radiation. Shaped like
a drum, 19 inches deep and 42 inches in diameter, the 280-pound satel-
lite was placed in a near-circular orbit (apogee, 453 miles; perigee,
387 miles) by a Delta launch vehicle.
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All elements of TIROS II began operating shortly after orbit was
achieved, and, as the report period closed, its two television cameras
were still photographing cloud cover and other weather phenomena.
Despite some problems with the clarity of the wide-angle camera pic-
ture, the pictures were extremely useful to meteorologists. All the
satellite’s infrared radiation sensors except two operated successfully
for 5 months. Associated electronic devices and a tape recorder were
still active on June 30.

Solar Cells Supply Power

A total of 9,260 silicon cells cover the outer surface of the satellite,
producing about 20 watts of power—if all work properly—to recharge
the satellite’s nickel-cadmium batteries. The cells are treated to aid
in throwing off the heat portions of the sun’s rays, enabling them to
convert sunlight into electrical energy more effectively. The treat-
ment is as if sunglasses were placed on each separate cell. It also
protects the silicon surface from micrometeoroids encountered in orbit.

Television Cameras Photograph the Earth

Two TV cameras—each the size of a water glass, with a specially
designed 14-inch Vidicon tube—scan the earth from TIROS II. One

NARROW
ANGLE TV
CAMERA

TAPE Al g~  MAGNETIC
TRANSPORT PP AL P ORIENTATION COIL

TRANSMITTING
ANTENNA

WIDE ANGLE
TV CAMERA
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camera has a narrow-angle lens for taking comparatively detailed pic-
tures of small areas, about 75 miles square; the other hasa wide-angle
lens for photographing larger regions (about 750 miles square when
the satellite is pointed straight down).

Both camera systems permit direct transmission of pictures when
the satellite is within range of the read-out stations at Fort Monmouth,
N.J., and San Nicholas Island, a part of the Pacific Missile Range, off
the coast of California. Both cameras can also be programed to take
pictures over remote areas, to store them on tape recorders, and to
transmit them when passing over one of the read-out stations.

Infrared Experiments Measure Solar Energy

TIROS II radiation experiments consist of two types—those meas-
uring the amount of solar energy reflected by the earth, and those
measuring the quantity of energy the earth and atmosphere radiate
outward. These measurements will assist scientists to understand
better the working of the earth’s weathermaking “heat balance.”

The first of two types of equipment used for these experiments
consists of five scanning sensors to measure radiation averaged over
areas about 30 miles in diameter. These sensors record (1) the amount
of solar radiation reflected from the earth and its atmosphere; (2) the
amount of emitted long-wave radiation leaving the earth and its
atmosphere; (3) the radiation emitted from the earth’s surface or
cloud tops inthe atmospheric “window,” a band of wavelengths where
the atmosphere is essentially transparent to radiation; (4) the radia-
tion emitted by water vapor at levels averaging about 25,000 feet above
the surface; (5) a crude picture of the cloud distribution.

The second type of radiation-measuring equipment has two sensors
covering an area about 450 miles in diameter, centered in the wide-
angle camera’s field of view. One sensor measures the total radiation
reflected and emitted by the earth and its atmosphere. The second
measures only the emitted long-wave radiation. By subtraction and
by applying knowledge of the sun’s radiation, the total energy input
and the energy loss of the atmosphere in the area viewed can be com-
puted and studied in relation to the observed cloudiness.

The data from both experiments are recorded on an endless-loop tape
recorder which continuously stores the last 100 minutes of observa-
tions. These data are transmitted on command when the satellite
passes over one of the two ground stations.

Magnetic Coil Controls Position of TIROS II

A magnetic orientation-control coil, consisting of 250 turns of alu-
minum wire, was placed around the base of TIROS 1T to permit the
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attitude of its spin axis to be changed on command from the ground.
TIROS I had changed its attitude in absolute space slowly but con-
tinuously because of interactions between the earth’s magnetic field
and magnetic fields generated by the satellite’s own electrical currents.
The control coil on TIROS 11" was designed so that the amount of
current flowing through the coil—and so the strength of the magnetic
field of the satellite—could be varied. Thus, the position of the satel-
lite could be changed slowly to improve its operation. While the rate
of change is far too slow to keep the cameras pointing toward the
earth at all times, it does (1) increase the amount of power received
from the sun by the solar cells, (2) keep the sun from shining into
the radiation sensors, and (3) permit somewhat better TV pictures.

This control device has been used many times during the operation
of TIROS II with excellent results. It is a significant advance in
attitude control of spin-stabilized satellites.

Cloud Pictures Transmitted

Within 414 hours after launching, TIROS II transmitted cloud-
cover pictures taken by its wide-angle television camera from an alti-
tude of more than 400 miles, over the Dakotas and Northern Plains
area. Although the first pictures were of poor quality and could not
be used for analyzing weather, after a few days’ experience with
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camera settings and data analysis, daily use began of the analyses on
which weather forecasts are hased.

The photographs from the wide-angle camera were inferior to those
of TIROS I, but nevertheless very useful to weathermen in delineat-
ing cloud areas. Pictures from the narrow-angle camera were excel-
lent, and the infrared data met all expectations.

Cameras Operated Without Command

From time to time, both cameras operated without or contrary to
command from the read-out stations. The cause is not positively
known, although spurious radio signals on the same frequency as the
command transmitter were among the causes suspected.

Sea lce Pictures Obtained

During January and March 1961, the TIROS II cameras obtained
excellent pictures of sea ice in or near the Gulf of St. Lawrence. Con-
currently, lower-level pictures and other data on the ice were obtained
by U.S. Navy aircraft. The data are under study by the Weather
Bureau and the U.S. Navy Hydrographic Office.

Specialists concerned with the sea-ice problem believe that meteor-
ological satellites represent a major new tool for research and opera-
tional surveillance, particularly when satellites in more highly inclined
orbits become available.

Interational Aspects

NASA and the Weather Bureau invited weather agencies of 21
foreign nations, including the Soviet Union, to participate in the
TIROS II experiment by making special ground observations co-
ordinated with passes of the satellite. Pictures taken by the satellite’s
camera were to be furnished to the cooperating nations for compara-
tive analysis with their own observations. Seventeen countries
expressed interest.

When it became obvious that the wide-angle camera was transmit-
ting pictures of poor quality, the participating countries were notified
to that effect. However, 10 countries felt the experiment. was of
sufficient value to continue their observations: Argentina, Australia,
Belgium, Czechoslovakia, Denmark, Italy, Japan, the Netherlands,
Switzerland, and West Germany.

National Operational Meteorological Satellite System

A plan for a National Operational Meteorological Satellite System
nnder the overall management of the Weather Bureau and with ex-
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tensive NASA participation (submitted to the President in April
1961), was prepared by the Panel on Operational Meteorological
Satellites (POMS). This panel was established in late 1960 under
the auspices of the National Coordinating Committee for Aviation
Meteorology. Its members are drawn from NASA, the Department
of Defense, the Department of Commerce, and the Federal Aviation
Agency. In May 1961, the President asked Congress to appropriate
$53 million to enable the Weather Bureau to begin putting the plan
into effect.

Briefly, the panel proposed prompt development of a meteorological
satellite system based on the Nimbus series. New developments from
NASA’s research and development program, such as the Aeros sta-
tionary satellites, would be integrated into the operational system.

Pending the first Nimbus satellite, additional TIROS spacecraft
would provide limited experimental operational capability.
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CHAPTER 4

Scientific Satellites and Sounding Rockets

Geophysical and Astronomical Studies

NASA’s scientific earth-satellite and sounding-rocket programs are
principally concerned with geophysics (the study of the earth and
its environment, with heavy emphasis on the earth’s atmosphere and
ijonosphere and the sun’s influence) and astronomy. These studies not
only shed new light on many fundamental scientific problems, but
also contribute to progress in NASA’s manned-space-flight and satel-
lite-applications programs.

Between October 1, 1960, and June 20, 1961, NASA launched 4
scientific satellites and conducted about 60 sounding-rocket experi-
ments.

Satellite Experiments'
Explorer VIII

At 12:23 a.m., e.s.t., November 3, 1960, NASA launched Explorer
VIII, a scientific satellite instrumented primarily to gather data on
low-energy electrically charged particles in the ionosphere which affect
radio communication. The satellite was also equipped to record the
frequency, momentum, and energy of micrometeoroid impacts.

The launch vehicle, a Juno II, carried the 90.14-pound satellite into
an orbit with an apogee (greatest distance from earth) of 1,420 and
perigee (closest approach to earth) of 260 miles. Explorer VIII com-
pleted more than 694 trips around the earth, traveling 20,866,706
miles during its operating lifetime from November 3 to December
27, 1960, and providing enough data to fill nearly 700 miles of mag-
netic recording tape at ground stations.

Analysis of data through June 30, 1961, indicates:

(1) Temperature of the upper ionosphere (250 to about 1,400 miles
above earth) is relatively constant at any given time. Explorer VIII
made the first actual measurements of electron temperatures at these

1Unless otherwise indicated, launchings are from Cape Canaveral, Fla. See table 1
for additional data regarding experiments.
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altitudes. Klectron temperatures were about 2,700° F. during sunlit
hours and about 1,300° F, at night.

(2) Oxygen is the predominant gas up to an altitude of about 650
miles, where a layer of helium begins to predominate, extending to
at least 1,500 miles.

(3) The cloud of ions (atoms which have lost or gained an electron)
which forms arcund spacecraft consists chicfly of positive ions ahead
of the craft and negative ions in its wake. The effects of this cloud
on radar tracking and orbit lifetime are under study.

(4) A relationship exists between the size and quantity of micro-
meteoroids (cosmic dust). In descending order, the number of micro-
meteoroids in a given size was found to be substantially greater than

that of the next larger size.

Explorer IX

At 8:05 a.m., es.t., February 16, 1961, a 12-foot diameter, inflatable
sphere was orbited to gather data on the density of the earth’s
atmosphere at various altitudes. Initial apogee and perigee of this
first satellite launched from Wallops Station, Va., were 1,605.5 and
395.2 miles, respectively. A step in Scout-launch-vehicle develop-
ment, Explorer IX was the first 17.S. satellite placed in orbit by an
all-solid-fuel vehicle.

Because the satellite's radiobeacon failed soon after launching,
Baker-Nunn cameras were employed for tracking. (See Chapter 6,
“Tracking and Data Acquisition.”) Preliminary analysis of optical
data on the satellite’s orbit shows that the air density at 400 miles
altitude corresponds to theoretical predictions.

Explorer IX backed up a similar sphere (designated S-56) which
failed to attain orbit after launch from Wallops Station on December
4,1960. (The second stage of its four-stage Scout launch vehicle did
not ignite.)

S-45 (lonosphere Beacon Satellite)

S-45, launched February 24, 1961, failed to orbit because the Juno
11 launch vehicle malfunctioned. Similar to Explorer VIII in shape,
S—45 was instrumented to transmit on several radiofrequencies. Ex-
perimenters were to develop information about the structure and
characteristics of the ionosphere by studying its effects on reception at
the different frequencies.

S-45a (lonosphere Beacon Satellite)

Orbiting of S—45a, similar to S-45 (above), was not achieved be-
cause the second stage of its Juno IT launch vehicle failed to ignite.
The launch date was May 24, 1961.
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Explorer IX test inflated prior to launch. The satellite is being employed to gather data
on density of the earth's atmosphere

Explorer X

Explorer X, launched by a Delta vehicle at 10:17 a.m., e.s.t., March
25, 1961, was intended to (1) provide extensive data on the earth’s
and interplanetary magnetic fields, and (2) help determine how these
fields affect and are influenced by solar plasma (low-energy electrified
particles hurled from the sun during solar flares, also called the solar
wind). Understanding of these phenomena is essential in order to
assess radiation and protect man from the hazards of lunar and inter-
planetary flight.

The 78-pound satellite’s orbit carried it about 145,000 miles from
earth at apogee, which it reached at 3:40 a.m., e.s.t., March 28, 1961.
Launched at near-escape velocity, about 24,000 m.p.h.;> Explorer X
was the first U.S. spacecraft of its type to travel into deep space. It
transmitted data for 64 hours, 9 hours longer than expected.

The timing of the shot was fortunate: portions of the Explorer X
flight were during periods when magnetic fields were relatively calm,
but the satellite also recorded data when the fields were agitated by a
solar storm. At 10:05 a.m., es.t., March 27, 1961, U.S. ground in-

? Escape velocity is approximately 25,000 m.p.h.
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Explorer X, launched March 25, 1961, to obtain information chiefly about magnetic fields
in space

struments recorded a magnetic disturbance believed caused by an
advancing solar wind. At this time, Explorer X was on the side of
the earth away from the sun. About 2 minutes later, the satellite
transmitted data identical with that recorded by earth instruments,
indicating that the speed of the solar wind was about 3.26 million
miles per hour.

Analysis of data transmitted by Explorer X indicated that:

(1) Part of the interplanetary magnetic field near the earth may
be an extension of the sun’s magnetic field. The solar wind or
plasma * hurled into space by a solar flare appears to carry the sun’s
magnetic field with it.

(2) Low-energy plasma surrounds the earth up to an altitude of
about 16,000 miles. Between 16,000 and 80,000 miles, little plasma is
present, but another plasma belt, presumably originating from the
sun, extends from 80,000 miles to at least 145,000 miles, the maximum
altitude of Explorer X.

3 “Plasma’”—electrically charged gas.
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(3) The earth’s magnetic field stretches at least 24,000 miles, a
distance nearly corresponding to that predicted by theoretical calcula-
tions.

(4) Magnetic fields fluctuate sharply in direction and intensity.

(5) A strong interplanetary magnetic field exists beyond 80,000
miles from earth.

Some of the above phenomena had been reported by earlier probes
such as Pioneers I and V, but Explorer X gathered much additional
data.

Explorer X

The first step of a long-range program to lay bare the secrets of
the universe began with the launch of Explorer XI, first of NASA’s
astronomical satellites, at 9:17 a.m., e.s.t., April 27,1961. A Juno IT
launch vehicle placed the 82-pound satellite (an octagonal aluminum
box, 12 inches in diameter and 2314 inches long, mounted on an instru-
ment column 6 inches in diameter and 23% inches long) into an initial
orbit of about 1,108 miles * at apogee and 308 miles at perigee. In
orbit, the satellite, resembling an old-fashioned street lamp, tumbled
end over end 10 times a minute, enabling its instruments to scan a
different region of space every 6 seconds. The aim: to detect, and
aid in determining sources of, gamma rays ® and other forms of cosmic
radiation streaming earthward from outer space.

Cosmic rays, being high-energy charged particles, are scattered
over the entire galaxy by random magnetic fields in space. There-
fore, any hint of the direction from which they came is lost by the
time they reach the vicinity of the earth. However, a source of
cosmic rays will also be a source of gamma rays, because the latter
are emitted when cosmic rays interact with matter. Since gamma
rays—Ilike light—travel in straight lines, scientists may discover a
source of cosmic-ray generation by analyzing the direction of a
gamma-ray stream.

Scientists are particularly interested in gamma radiation because
of its associations with nuclear reaction and energy creation. Data
provided by Explorer XI may help to evaluate some theories on the
origin, characteristics, and growth of the universe, predicated on
the belief that matter is continuously being created from energy.
Among the theories are the following: Stars are a major contributor
to cosmic rays within our galaxy; cosmic rays are produced as an
aftermath of star explosions (novae and supernovae); and half the

4+ Somewhat higher than planned. As a result, the satellite’s orbit passed through part
of the Van Allen radiation region. When the satellite was in the region, Van Allen radia-
tion masked gamma radiation from space, preventing acquixition of usefnl data.

5 Gamma rays, a form of electromagnetic radiation, are extremely penetrating:; they

can, for example, pass through a sheet of lead more than an inch thick. They are blocked
by the earth’s atmosphere, and must, therefore, be studied from satellite altitudes.
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Artist's conception of Explorer Xl, the first astronomical satellite, in orbit

matter in our galaxy is concentrated in stars while the other half
remains in space as the source material for new stars.

In connection with the latter theory, measuring the intensity of
gamma rays from sources other than stars may permit scientists to
make a rough calculation of the quantity of interstellar matter.

S-55 (Micrometeoroid Hazard Satellite)

On June 30, 1961, NASA fired a Scout launch vehicle carrying a
payload instrumented for study of micrometeoroids (cosmic dust).
Primary purpose of this flight from Wallops Station, Va., was to
carry out the fifth Scout developmental flight. The secondary ob-
jective was to gather data on micrometeoroid density and effects of
micrometeoroid bombardment on space vehicles and instruments.
Orbit was not attained because the Scout third stage failed to ignite.

Sounding Rockets

Sounding rockets are used principally to supplement the scientific
data transmitted by satellites. Because they are relatively easy to
launch and can be fired from almost anywhere, sounding rockets are
ideal for gathering scientific information either about a specific
event—such as a solar storm—or about a particular area or location.
They are also the most practicable vehicles for studies of the atmos-
phere at altitudes from 20 miles (maximum balloon altitude) to 150
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miles (where air drag would seriously limit a satellite’s life). In
addition, sounding rockets test instruments, equipment, and power
supplies for future satellites and launch vehicles.

Typical sounding rocket experiments during the report period are
described below.

B e

R e e R ok,

Nike-Cajun ready to be launched for research on upper atmosphere winds and temperatures

Sodium-Vapor Experiments

As part of a continuing study of upper atmosphere wind velocities,
directions, and temperatures, NASA conducted a series of sodium-
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vapor experiments at Wallops Station, Va., on December 9-10, 1960.
A two-stage Nike-Cajun rocket carrying the first sodium-vapor pack-
age was launched at 6:20 a.m., es.t., December 9, the sodium vapor
being ejected at an altitude of 55 miles.

Another launch at 5:15 p.m., e.s.t.—just after sunset—failed when
the second stage of the Nike-Cajun did not ignite. The rocket reached
an altitude of R0.000 feet too low for the cloud to be visible. A
minimum altitude of 140,000 feet (about 26 miles) is required for
this experiment to be successful.

In the third experiment at 5:30 p.m., est. December 10, the
sounding rocket ejected a sodium-vapor cloud at an altitude of about
212 miles and released a lithium flare near its peak altitude of about

450 miles.

Solar-Beam Experiments

Nine Nike-Cajuns with solar-beam payloads were launched from
Fort Churchill, Canada, during November 1960. Solar-beam pay-
loads include recoverable packages of photographic emulsions and
energetic particle detectors, used to gather data on cosmic rays emitted
by the sun during solar flares and sunspot. eruptions. Such solar
upheavals create a severe radiation hazard for manned space flight.
NASA recovered seven of the emulsion packages and was analyzing
the cosmic-ray tracks in the emulsions, as well as other flight data.
when this reporting period ended.

Meteorological-Satellite Program Support

On October 5, 1960, NASA launched an Aerobee sounding rocket
from Fort Churchill, Canada. The rocket’s payload—camera and
film-—photographed clouds before dropping to earth where it was
recovered. The pictures were obtained to aid in preparing for inter-
pretation of Arctic cloud-cover photographs taken by later weather
satellites. On May 17 and 19, NASA launched two camera-equipped
Aerobees from Fort Churchill to photograph snow from high alti-
tudes. Here the purpose was to devise techniques for distinguishing
cloud cover from snow in weather-satellite pictures.

Astronomical Studies (Ultraviolet)

An Aerobee-Hi sounding rocket was launched March 31, 1961, to
photograph ultraviolet radiation from the stars. Ultraviolet photo-
graphs provide valuable information on the makeup and evolutionary
processes of the stars. Ultraviolet radiations cannot be photographed
from earth because they are largely screened out by the atmosphere.
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Support of Centaur-Launch-Vehicle Development

On February 6, 1961, NASA launched an Aerobee-Hi containing
a sphere partially filled with liquid hydrogen as part of its payload.
Other instruments included equipment to record behavior of the
liquid hydrogen under conditions of zero gravity.

A study of liquid-hydrogen behavior in zero gravity is an important
part of Atlas-Centaur launch-vehicle development. Centaur, the
upper stage of the Atlas-Centaur launch vehicle, will be the first U.S.
rocket to burn liquid hydrogen and liquid oxygen instead of kerosene
and liquid oxygen. (See Chapter 7, “Launch Vehicle Development.”)

United States-ltalian Cooperative Experiment

Probe Atmospheric Motions—In April 1961, NASA and Italian
sclentists coordinated sounding-rocket launchings to study atmos-
pheric motions and wind jets between about 50 and 150 miles altitude.
These experiments were a first step toward eventual studies—with
satellites and sounding rockets—of the worldwide upper atmosphere
tides similar to oceanic tides. The rockets carried sodium-vapor pay-
loads which, when released at a proper altitude in twilight, appear as
orange-yellow clouds.

NASA launched the first rocket from Wallops Station, Va., at
dawn on April 19. At dusk, 9 hours later, the Italians fired their first
rocket from Perdas de Fogu, Sardinia. During the next few days
the remaining experiments were launched at similar intervals.

Other Experiments

(All launches were from Wallops Station unless otherwise
indicated.)

- Argo D4, November 9, 1960, to measure the positive ion compo-
sition of the upper atmosphere. It reached an altitude of about
650 miles.

... Nike-Cajun, December 8, 1960, to measure electron density and
temperature in the ionosphere by means of a Langmuir double-probe
technique.

-Javelin, December 12, 1960, to measure magnetic fields and
hydromagnetic waves from the base of the ionosphere to the base of
the Van Allen radiation region.

... Nike-Cajuns, April and May 1961, with payloads consisting of
grenades timed to explode at intervals during flight. Measurements
of time for sound waves to reach earth indicated the temperatures and
wind velocities at differing altitudes.

. - - Nike-Cajun, June 6, 1961, with three spheres of varying weights
and sizes in atmospheric-drag experiments. One globe contained an
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accelerometer to indicate its rate of fall; the two lighter spheres were
tracked by radar.

...Javelin firings, April and June 1961, to test instruments that
will be used in the Canadian topside sounder satellite (Alouette), the
U.S. fixed-frequency topside sounder satellite, and a future space
probe.




CHAPTER 5

Unmanned Lunar and Interplanetary Programs

Exploration of the Moon

A major purpose of the unmanned lunar exploration program is to
study the moon for clues to the history of the carth-moon system and
the origin of the planets and natural satellites in our solar system.
Another is to acquire data about the lunar surface and environment
for use in planning missions and designing equipment for manned
exploration.

Scientific experiments are directed toward determining character-
istics of the lunar landscape and of surface features, surface and
subsurface structure, physical properties, chemical and mineralogical
composition ; the properties of the moon as a planetary body ; and the
thermal history of the moon. Chemical analysis of surface dust may
lead to the discovery of organic molecules, precursors of living organ-
isms, in the layers that have accumulated on the lunar surface over
many eons. This research may prove of immeasurable importance
to the biological sciences; it may, indeed, provide clues to the origin of
life on earth.

Ranger

The Ranger project is designed to gain information about the
surface characteristics of the moon and to land the first survivable
instrumented capsule. Checkout of the first Ranger spacecraft, to be
launched by an Atlas-Agena B booster during the third quarter of
1961, is near completion. Subsequent spacecraft are in various stages
of assembly and systems testing. The basic Ranger spacecraft is
being developed at the Jet Propulsion Laboratory, Pasadena, Calif.;
the survivable lunar capsule system, at the Aeronutronic Division of
Ford Motor Co., Newport Beach, Calif.

Rangers 1 und 2.—The first two Ranger spacecraft will be simpler
in design than those to follow. Their missions are to (1) test basic
design and advanced engineering features of the lunar spacecraft,
and (2) obtain scientific data on interplanetary space, such as mag-
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netic fields, energetic particles from solar and cosmic radiation, micro-
meteroids, and the hydrogen cloud that envelops the earth.

Advanced Rangers.—Later Rangers are designed to rough-land on
the moon survivable “capsules™ containing scientific instruments and
radio transmitting equipment. (The capsules’ crushable balsawood
structures will absorb the shock of landing and protect instruments
and equipment.) These spacecraft will have, in addition to the atti-
tude-control system of the first two Rangers, a midcourse guidance
system to insure a collision course to the moon. As the spacecraft
approaches the moon, it will transmit to earth television pictures of
the lunar surface, along with data from a gamma-ray spectrometer
which will reveal whether the moon’s crust contains a high concentra-
tion of radioisotopes—thus furnishing evidence about its chemical
composition.

Technicians at Jet Propulsion Laboratory, Pasadena, Calif., check action of solar cell
panels on Ranger | lunar spacecraft

The rough-landing capsule will be separated from the spacecraft
and slowed by retrorocket so as to impact the moon at about 150 miles
per hour. The spacecraft will crash on the moon at about 6,000 miles
per hour. The primary experiment in the landing capsule is a seis-
mometer to record and transmit to earth data on “moonquakes” and
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other possible disturbances originating within the moon; the device
will also record meteorite impacts. Seismic measurements can
answer fundamental questions about the interior of the moon and
provide clues to its origin.

Surveyor

On July 11, 1960, after reviewing proposals by 37 companies,
NASA awarded contracts to Hughes Aircraft Co., McDonnell Air-
craft Co., North American Aviation, Inc., and Space Technology
Laboratories, Inc., for competitive preliminary design studies of the
Surveyor lunar soft-landing spacecraft. On January 19, 1961, fol-
lowing evaluation of the designs, NASA selected Hughes Aircraft
Co. as contractor for the Surveyor spacecraft system. Development
of Surveyor is underway at the Hughes plant in Culver City, Calif.

Surveyor, to be launched by an Atlas-Centaur vehicle, will be the
first U.S. spacecraft capable of a controlled soft landing on the
moon. Its automatic landing system is designed to decelerate the
spacecraft from an approach velocity of about 6,000 miles per hour
(9,000 feet per second) to a touchdown speed of about 10 feet per sec-
ond (the same as the design vertical landing speed of commer-
cial transport airplanes).

DIRECTIONAL ANTENNA

SOLAR PANEL
LUNAR DRILL /

NEUTRON ACTIVATOR i 2 /
(EXTENDED) 3

SURFACE GEOPHYSICAL
EXPERIMENTS

SLOWLY DRIVEN
GEOPHYSICAL PROBE

MAIN RETROROCKET
NOZZLE

Scale model of Surveyor lunar spacecraft showing principal scientific instrumentation
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The gross weight of the spacecraft will be about 2,300 pounds, about
two-thirds of which will be rocket propellants used in the landing
maneuver, leaving a landed weight of about 750 earth-pounds.
Included in this weight are about 250 pounds of experimental
equipment.

Surveyor will contain a variety of experimental equipment,
malading -
including:

(1) Five television cameras to provide pictures of the moon’s sur-
face before, during, and after landing; almost microscopic closeups
of lunar surface material; and views of some scientific equipment
operation for monitors on earth.

(2) A drill and transport system for acquiring and processing sam-
ples of lunar surface and subsurface material, and conveying them to
apparatus for analysis of chemical and mineralogical composition and
other physical properties.

(3) Surface geophysical experiments, lunar atmosphere samplers,
radiation detectors, seismometers, magnetometers, and other experi-
ments to define the properties of the moon and its environment.

Lunar Orbiters

A step beyond Surveyor will be the adaptation of its soft-landing
system to lunar orbiting missions. The orbiters will be interspersed
with the soft-landers for extensive mapping and to provide data on
the moon’s shape and mass distribution, magnetic field and radiation
environment, and other characteristics better determined by orbiting
than by landing. NASA is conducting studies to determine the
modifications required to convert Surveyor into a lunar-orbiting
spacecraft.

Prospector

Prospector is planned as a large versatile “space truck” launched
by Saturn and capable of soft-landing on the moon virtually any type
of payload, such as:

(1) A self-propelled, remotely controlled, roving surface vehicle
for instrumented exploration of large areas.

(2) A system for acquiring samples of lunar material and sending
them to earth for more detailed study than can be accomplished by re-
motely controlled instrumentation on the moon.

(3) Large propellant tanks to enable the spacecraft to hover and
move laterally above the lunar surface, thus permitting low-altitude
reconnaissance and site selection for subsequent manned landings.

(4) Supplies, shelter, and other logistic support for manned opera-
tions on the moon.
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NASA’s Jet Propulsion Laboratory is conducting preliminary
studies of engineering requirements for the Prospector spacecraft.

Pioneer

On December 15, 1960, a Pioneer spacecraft programed for a lunar
orbit was destroyed about 70 seconds after launch when its Atlas-Able
launch vehicle exploded.

Interplanetary Exploration

Even as NASA prepares for the flight to the moon, it is developing
instrumented craft for reconnaissance of Venus and Mars. Among
data gathered by these craft, man may find the answer to a question
that has intrigued him for centuries—do earth’s planetary neighbors
harbor life?

Progress on instrumented spacecraft for early missions to Mars and
Venus is described below.

Mariner R

Mariner missions will enable science to obtain its first nearby obser-
vations of Venus and to test basic elements of space technology needed
for future interplanetary missions. Mariner is designed to pass in the
vicinity of its planetary target.

Jet Propulsion Laboratory completed preliminary design of Mari-
ner in November 1960. By June 1961 the laboratory had finished en-
gineering design and was testing prototype hardware.

NASA has scheduled the first two Mariner launches for the summer
of 1962 during the Venus “launch window”—a brief time interval when
the relative positions of Earth and Venus permit minimal propulsive
power or maximum payload weight for interplanetary journeys. For
example, a launch vehicle that could send a 1,300-pound payload to
Venus during the launch window could, at any other time, send only
800 pounds to the planet.

NASA had originally planned to use Atlas-Centaur as the launch
vehicle for Mariner. Because Atlas-Centaur will not be ready for
operational use for some time after the 1962 launch window, NASA
plans to employ the Atlas-Agena B booster for the first Mariner
launches. Since the Atlas-Agena B has far less power than Centaur,
NASA has had to reduce the weight (and number of experiments)
originally planned for the first Mariners. This lighter version is
designated Mariner R.

Experiments for the first two Mariner R missions include:
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(1) Infrared radiometer—to measure intensity of infrared radia-
tion. Experimenters are from the University of Nevada, Reno, Nev.;
the University of California, Berkeley, Calif.; and the Jet Propulsion
Laboratory, Pasadena, Calif.

(2) Microwave radiometer—to provide information about tempera-
tures of the surface and lower atmosphere of Venus. Experimenters
ave from the Jet Propulsion Laboratory; Harvard University, Cam-
bridge, Mass.; Massachusetts Institute of Technology, Cambridge,
Mass.; University of Michigan, Ann Arbor, Mich.; and Army Bal-
listic Missile Agency, Huntsville, Ala.

(3) Fluxgate magnetometer—to obtain measurements of the distant
geomagnetic field for further study of currents and hydromagnetic
waves and to determine the nature of a Venus magnetic field. Ex-
perimenters are from NASA Headquarters, the Jet Propulsion Labo-
ratory, and California Institute of Technology, Los Angeles, Calif.

(4) Radiation detectors—to obtain, in different energy ranges,
measurements of charged-particle radiation. Instruments include an
jon chamber, Anton 213 counters, a Geiger counter telescope, and a
Geiger counter. Experimenters are ascociated with the California
Institute of Technology; the Jet Propulsion Laboratory; State Uni-
versity of Towa, Towa City, Towa; and Goddard Space Flight Center,
Greenbelt, Md.

(5) Plasma measurements—to obtain various data on low-energy
protons and electrons, using Faraday cup analyzers. Experimenters
are associated with the Jet Propulsion Laboratory.

(6) Micrometeoroid (cosmic dust) experiments—to measure mo-
mentum, density, and other properties of micrometeoroids. Goddard
Space Flight Center is the experimenter.

Mariner B

During the period, NASA considered a wide range of designs for
Mariner B, programed for launch toward Venus and Mars in 1964.
Just as the technology of Mariner R was based on Ranger, the tech-
nology of Mariner B will be based on Mariner R. However, the avail-
ability of the Atlas-Centaur launch vehicle, technological progress,
and distinctive requirements of the Mars mission all will make possible
and necessary a Mariner craft more advanced than Mariner R.

For example, Mariner B may be capable of carrying and launching
a small instrumented capsule which would enter the atmosphere of
and land on Mars. The spacecraft would continue on a trajectory
passing Mars. As the period ended, NASA continued studies of the
capsule and of advanced subsystems for Mariner B.
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Voyager

NASA is studying a spacecraft called Voyager that would be
launched by an advanced Saturn and go into orbit around Mars or
Venus. This craft would be designed to transmit information about
the target planet and to drop an instrumented capsule to the surface
of the planet. The capsule would send data to deep space receiving
stations on earth via the orbiting Voyager.
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CHAPTER 6

Tracking and Data Acquisition

Four Major Networks

NASA tracks, commands, and gathers information from spacecraft
by means of four worldwide ground systems: (1) Minitrack, for un-
manned satellites; (2) deep-space instrumentation facilities (DSIF),
for spacecraft on lunar or interplanetary flights; (3) Mercury, de-
veloped to meet the special requirements of manned space flight; and
(4) optical—including the precision Baker-Nunn telescopic-camera
stations and volunteer “Moonwatch” teams, for unmanned satellites.

Minitrack

Coverage Extended

NASA has added four high-latitude stations to increase coverage
of satellites in polar and in high-inclination east-west orbits. During
the report period, construction of the station at Winkfield, England,
neared completion; the St. John’s, Newfoundland, and Fairbanks,
Alaska, stations were scheduled for occupancy in the fall of 1961.
The remaining high-latitude station in the expansion program, at
East Grand Forks, Minn., had been built before this period.

New Frequencies

By June 30, 1961, all Minitrack stations had new antennas for the
136- and 137-megacycle frequencies allocated to the United States by
the International Telecommunications Union. The new frequencies
replaced the interim 108-megacycle frequency assigned to Minitrack
during the International Geophysical Year.

Large Antennas

NASA is installing advanced ground equipment to meet demands
of the increasingly numerous instruments in future satellites. The
plan is to set up at several locations ultrasensitive, 85-foot-diameter
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antennas for gathering data from such spacecraft as the Nimbus
weather satellite, the Orbiting Astronomical Observatory, and the
Orbiting Geophysical Observatory.

NASA expects to complete installation of an 85-foot-diameter an-
tenna at Fairbanks, Alaska, by mid-1962. This ground equipment
will obtain data from Nimbus and from the Polar Orbiting Geo-
physical Observatory.

Automatic Data Read-Ovut System

NASA is procuring automatic data read-out equipment for the
Minitrack network. The new equipment is expected to improve ac-
curacy of data processing and increase by about 50 percent the volume
of data that each station can acquire.

Locations

In addition to high-latitude locations indicated above, Minitrack
stations are at Fort Myers, Fla.; Blossom Point, Md.; Goldstone,
Calif.; Quito, Ecuador; Antofagasta, Chile; Santiago, Chile; Lima,
Peru; Woomera, Australia; and Johannesburg, Republic of South
Africa. NASA has decided to discontinue effective July 1, 1961, an-
other station on Antigua, British West Indies, because it is no longer
needed.

Deep-Space Instrumentation Facilities (DSIF)

Description

NASA can maintain continuous communication with lunar and in-
terplanetary spacecraft through three deep-space instrumentation
facilities, each equipped with one or more 85-foot-diameter, parabolic
antennas and associated equipment. The facilities are located at Gold-
stone, Calif.; Woomera, Australia; and Hartebeesthoek, Republic of
South Africa. Their locations, approximately 120 degrees of longi-
tude apart, assure at least one line-of-sight communication with a
spacecraft despite the earth’s rotation.

Construction Progress

The Woomera station was dedicated February 10, 1961, in a cere-
mony that featured direct voice transmission from Goldstone to
Woomera by reflecting radio signals from the moon. The approxi-
mately 8,000 miles covered are the longest distance to date for this
type of experiment. (See Chapter 15, “International Programs,” for
additional information on the ceremony.)
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GOLDSTONE, CALIFORNIA

OOMERA, AUSTRALIA

Artist's conception of long-distance communication from the Goldstone to Woomera deep-
space tracking stations

When the Hartebeesthoek station is completed in the summer of
1961, the network will be fully operational. The Goldstone station
was completed before this report period.

Goldstone Conducts Venus Experiment

On May 10, 1961, the Goldstone DSIF completed a 2-month experi-
ment during which it bounced radar signals from Venus to obtain
scientific data. The research covered a period before and after
April 11, 1961, when Venus and the earth were nearest each other
(26.3 million miles apart).

Through the experiment, NASA defined more accurately the value
of the astronomical unit (AU)-—the mean distance from the earth to
the sun—which is basic to celestial measurements. One of the two
85-foot-diameter antennas used in the experiment transmitted radar
signals to Venus. The other antenna, 7 miles away, received the
reflected signals.

Knowing the signals travel at the speed of light, NASA scientists
calculated the distance to Venus and from this determined the AU.
Thus, they reduced the uncertainty factor in the AU, previously about
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50,000 miles, to about 300 miles. On the basis of the new figure, the
distance from earth to the sun is estimated at 92,956,000 miles.

Other experiment data indicated that Venus may rotate about once
every 225 earth-days and may have a rough surface similar to that
of the moon.

Knowledge gained from this research will be applied in launching
the first Venus probe and other interplanetary spacecraft.

Mercury

The principal consideration in developing ground equipment for
manned space flight is the necessity for constant vigilance to assure
the astronaut’s safety. Thus, the system must have redundant and
backup equipment which will promptly replace any unit that fails.
Another requirement is instrumentation that can track the spacecraft
and acquire and process data far more quickly than equipment ade-
quate for unmanned spacecraft.

Description of Network

The Mercury network, incorporating the highest possible standards
of ground instrumentation, was complete by the end of the period.
The network will provide nearly continuous ground control, monitor-
ing, and communication with the Mercury capsule from launch to
landing.

The Mercury Control Center at Cape Canaveral, Fla., handles all
aspects of flight, coordinates the principal tracking stations, and main-
tains a smooth flow of information. A station on Bermuda, which
serves as an extension of the control center, confirms insertion of the
capsule into orbit.

Other stations, in the order that the Mercury capsule will pass over
them, are: A ship in the Atlantic Ocean; Grand Canary Island; Kano,
Nigeria; Zanzibar; a ship in the Indian Ocean ; Muchea and Woomera,
Australia; Canton Island; Kauai Island, Hawaii; Point Arguello,
Calif.; Guaymas, Mexico; White Sands, N. Mex.; Corpus Christi,
Tex.; Valparaiso, Fla.; and Grand Bahama and Grand Turk Islands
(both part of the Atlantic Missile Range).

At Goddard Space Flight Center, Greenbelt, Md., a central comput-
ing and communications center makes orbital and entry computations
and provides communication links between the Mercury Control Cen-
ter at Cape Canaveral and stations as far distant as Hawaii and
Australia.

Among the center’s vital tasks are computing and recommending
to flight-control officers at Cape Canaveral the exact time and place
that the capsule should fire its retro (braking) rockets in order for
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TYPICAL PROJECT MERCURY SITE

the capsule to land in the predetermined recovery area. The center’s
complex computers produce their recommendations by comparing
data from Mercury tracking stations with data from the preset flight
course.

Optical Network

Tracks Explorer IX

Data from Explorer IX, the 12-foot-diameter inflatable satellite
launched February 16, 1961, might have been lost to science without
NASA’s optical tracking network. The 12 Baker-Nunn precision
telescopic cameras of the network provided invaluable backup service
to Minitrack after the satellite’s radiobeacon failed. NASA is using
data originating from Baker-Nunn photographs of Explorer IX in
atmospheric density experiments.

Role of Optical Network

Two uses of the optical network—to back up ground radio stations
and to study atmospheric densities at differing altitudes, geographic
locations, and seasons—are demonstrated in the Explorer IX experi-
ment. In addition, optical data is employed in geodesy—the deter-
mination of exact distances and precise shapes of land and sea areas
on earth.

Baker-Nunn camera systems make approximately 2,000 satellite
observations per month. This rate could be doubled, if necessary,
by adding personnel.
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Because of the Baker-Nunn camera’s bulk and narrow field of view,
its operator must know the approximate orbit and location of a satel-
lite before he can focus on it. Such information is provided by Moon-
watch teams using relatively simple telescopic equipment. The teams
consist of about 2,000 volunteers distributed among 43 stations in the
United States and 52 in 18 foreign countries.

Locations of Baker-Nunn Cameras

Baker-Nunn camera systems are located at : Organ Pass, N. Mex.;
Woomera, Australia; Mitaka, Japan; Arequipa, Peru; Curacao,
Netherlands West Indies; Villa Dolores, Argentina; Olifontsfontein,
Republic of South Africa; San Fernando, Spain; Naini Tal, India;
Shiraz, Iran; Jupiter, Fla.; and Haleakala, Hawaii. They are under
technical direction of the Smithsonian Astrophysical Observatory,
Cambridge, Mass.

Advanced Research and Development

Research and development in tracking, communications, and in the
acquisition of data from satellites and space probes, emphasize (1)
data-storage capacity of spacecraft; (2) use of MASER’s (Micro-
wave Amplification by Simulated Electron Radiation) and para-
metric amplifiers to reduce noise generated in receiving systems; (3)
studies of optimum coding techniques to permit maximum transfer
of information with minimum loss of transmission time; (4) auto-
mated tracking data reduction; and (5) evaluation and processing of
scientific information to keep pace with both the expanding rate of
investigations and the rapidly increasing volume of data.
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CHAPTER 7

Launch Vehicle Development

National Launch Vehicle Program Moves Forward

United States mastery of space will advance only as rapidly as it
can build a fleet of reliable launch vehicles to perform an assortment
of tasks—orbit many kinds of scientific payloads and manned cap-
sules, drive spacecraft to the moon, and loft multiton interplanetary
spaceships to Mars, Venus, and beyond.

In the National Launch Vehicle Program, NASA is progressively
replacing its original space vehicles, which stem chiefly from Depart-
ment of Defense programs, with vehicles built exclusively for the
practical utilization and conquest of space. During the period, the
Thor-Able, Juno II, and the Atlas-Able boosters were phased out as
the Scout, Delta, and Atlas-Agena B launch vehicles advanced to
operational status. Existing and planned NASA launch vehicles are
depicted in Table 2, “NASA Launch Vehicles—June 30, 1961.”
NASA employs the Redstone and single Atlas shown in the table prin-
cipally as boosters for the Mercury manned capsule.
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Scout

Payload Capability To Be Increased

In December 1960, NASA began to incorporate into Scout’s third
and fourth stages improved solid propellants originating from the
Department of Defense Minutewau and Polaris programs. This med-
ification which requires relatively minor design changes will increase
Scout’s payload capacity about 40 percent.

Developmental Tests Continued

During the period, NASA conducted the second through the fifth
in a series of eight Scout developmental flight tests. In the tests
(which took place October 4, 1960; December 4, 1960; February 16,
1961; and June 30, 1961, at Wallops Station, Va.) NASA programed
vehicles for both ballistic and orbital trajectories. Although the pri-
mary intent of these launchings is to gather data on Scout perform-
ance, Scout usually carried a scientific payload. On February 16,
Scout orbited Explorer IX, the first satellite launched from Wallops
Station (and the first satellite launched by a United States all-solid-
fuel vehicle). Additional data on Scout satellite launchings appear in
chapter 4.

Additional Procurement

On May 8, 1961, NASA awarded a letter contract for 14 Scout
vehicles to Astronautics Division, Ling-Temco-Vought Corp., Dallas,
Tex. Eight are for NASA programs and six for Department of De-
fense. This procurement is in addition to the eight vehicles in the
Scout developmental series. NASA plans to use Scout for small satel-
lites, atmosphere-entry tests, and other scientific experiments.

Delfc

The Delta launch vehicle orbited the TIROS II weather satellite on
November 23, 1960, and the Explorer X satellite (for gathering data
on magnetic fields) on March 25, 1961. Explorer X marked the third
consecutive success of Delta, which earlier (August 12, 1960) had
orbited the Echo I communications satellite.

NASA’s original contract with Douglas Aircraft Corp., Santa
Monica, Calif., was for design, development, fabrication, and launch
of 12 Deltas.
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Thor-Agenq B and Atlas-Agena B

The Thor-Agena B and Atlas-Agena B boosters are U.S. Air Force
developments which NASA is adapting to civilian space experiments.

NASA plans to employ Thor-Agena B in launching communica-
tions, meteorological, and scientific satellites requiring polar orbits.
Units for assembly into NASA’s first Thor-Agena B launch vehicle
are scheduled for delivery at Point Arguello, Calif., in early 1962. The
vehicle will launch Echo A-12, the reinforced and enlarged successor
to the Echo I communications satellite. (See ch. 9.)

Atlas-Agena B was originally designated for use in NASA’s
unmanned lunar program and in firing communications, meteorologi-
cal, and scientific satellites into east-west orbits. Because of delays
in Centaur development (see below), NASA intends to employ Atlas-
Agena B instead of Centaur for sending an instrumented spacecraft,
designated Mariner R, to the vicinity of Venus in 1962. (Mariner R
will weigh only about half as much as the spacecraft originally
planned for launch by the more powerful Atlas-Centaur.)

The Agena B contractor, Lockheed Aircraft Corp. Santa Cruz,
Calif., delivered the first NASA Agena to Cape Canaveral, Fla., on
June 30, 1961. This rocket will become the upper stage of an Atlas-
Agena B scheduled to launch Ranger I in August 1961. Ranger I is
intended to test techniques and equipment for lunar and interplanetary
programs.

Af|as-Cenfaur

NASA plans to use Atlas-Centaur to launch heavy unmanned in-
strumented probes to the moon, Mars, and Venus. The development
program is concentrated largely upon engines for the upper stage—
the first in the United States which will burn high-energy liquid hy-
drogen and liquid oxygen (LOX) instead of refined kerosene and
LOX.

Serious difficnlties encountered in the development program have
delayed the first Centaur research and development flight (originally
planned for January 1961) until 1962. This delay precluded Centaur’s
availability for the first Venus launch.

The engine ignition system was redesigned, and the contractor test
fired the engines 515 times, accumulating 47,476 seconds of trouble-
free operation by June 30, 1961.

Two engines were shipped to the Atlas-Centaur vehicle contractor,
Convair Astronauties Division of General Dynamics Corp., San Diego,
Calif., for assembly into the upper stage of Atlas-Centaur. After a
preliminary static firing, Convair will ship the stage to Cape Canav-
eral, where it will be mated to an Atlas for flight test in 1962.



Atlas-Agena B launches Ranger | at Cape Canaveral on August 23, 1961 (after the report

period). A malfunction in the Agena B prevented the Ranger from attaining the required

orbit. The two-stage Atlas-Agena B is capable of launching 750-pound hard-landing lunar
probes and 5,800-pound earth satellites

Saturn C~1
Modifications

During the period, NASA substantially modified the 1.5-million-
pound-thrust Saturn C-1 to meet requirements for orbital flight of the
Apollo manned spacecraft within accelerated time schedules. Fins
were added to the first stage to improve flight stability and control.
Six 15,000-pound-thrust RL-10A-3 engines (also used in the Atlas-
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Twin-engined Centaur, second stage of the Atlas-Centaur vehicle, rises into position in its
gantry at Cape Canaveral. Atlas-Centaur will launch interplanetary probes in 1962 and
instrumented packages for soft landings on the moon in 1963

Centaur upper stage) were substituted for the four 17,500-pound-
thrust RI.-10B engines originally intended for the second stage.

The substitution offers certain advantages. The modification gives
the second stage an “engine-out capability”—if one engine fails to
ignite, the others will consume its propellant with virtually no loss in
vehicle performance. The increased power of the second stage—from
70,000 to 90,000 pounds of thrust—and a planned addition to propel-
lant capacity of the first stage have given these two stages the capa-
bility of orbiting a larger payload than the original configuration.
The Saturn (-1 has therefore been redesigned as a two-stage instead
of a three-stage vehicle for its primary Apollo earth-orbit mission.
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Saturn C-1 rocket vehicle appears in its three-stage flight configuration (background) at
Marshall Space Flight Center. The 180-foot vehicle is shown with the S—I first stage and
dummy second and third stages

S-1 Ground Tests Completed

In static tests at Marshall Space Flight Center, Huntsville, Ala.,
NASA fired the S-I (designation for Saturn C-1 first stage) for 30,
44, and 111 seconds, respectively. Inthe last test (May 1961), S-I gen-
erated the planned 1,315,000 pounds of thrust.

The first research and development flight test of S—I is scheduled
at Cape Canaveral, Fla., in October 1961.! Dummy upper stages will
be mounted on the first four Saturn flight vehicles.

S Trcmsporf Route Blocked

On June 2, 1961, a lock wall collapsed at Wheeler Dam on the Ten-
nessee River, stranding the Saturn transport barge Palaemon upstream
and preventing it from carrying the booster from Marshall Space
Flight Center to Cape Canaveral.

The Tennessee Valley Authority, the U.S. Army Corps of Engi-
neers, Marshall Space Flight Center, and the Navy developed an emer-
gency plan to transport the booster from Marshall to the dam in the
Palaemon, portage it around the dam, and reload it aboard the surplus

1The Saturn flight was satisfactory. S-I operated as intended.
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Saturn first stage starts its trip to Cape Canaveral, Fla., on the barge “Palaemon.” At
the Cape, the 1.5-million-pound booster will be tested and readied for launching late
in 1961

Navy barge Compromise (YFNB-23) on the downstream side, for the
voyage to Cape Canaveral. The TVA constructed loading ramps on
both sides of the dam and, with the assistance of the Corps of Engi-
neers, a 115-mile connecting road.? The water route from Marshall to
Cape Canaveral is via the Tennessee, Ohio, and Mississippi Rivers,
Gulf of Mexico, Atlantic Ocean, and the Indian and Banana Rivers.

Complete C—1 Test Scheduled for 1963

Plans call for the S-IV (Saturn C-1 second stage) to be ready for
flight tests in 1963. Research and development flights of the complete
Saturn C—1 will then begin—including some launches with boiler-plate
(stripped down) versions of the Apollo manned spacecraft.

Primary goal of the Saturn C-1 program is to reach operational
status by 1964, in time for the scheduled launch into orbit of the Apollo
manned capsule. The Apollo orbital mission is the first of three major
steps in the United States plan to land men on the moon and return
them safely to earth.

2The S-I reached Cape Canaveral without major incident on August 15, and was
erected on the launch stand August 20.
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Saturn stands in gantry at Cape Canaveral as preparations are made for first test launches
with 1.5-million-pound-thrust first stage and dummy upper stages

Advanced Saturn

Further delineation of requirements of the Apollo manned capsule
made it apparent that the planned (-2 version of Advanced Saturn
(a L5-million-pound-thrust first stage, an 800,000-pound-thrust second
stage, and a 90,000-pound-thrust third stage) would be unable to launch
a payload the size of the Apollo circumlunar spacecraft. Flight
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around the moon is the second step in NASA’s manned lunar program.

NASA is planning an Advanced Saturn which is to replace the C-2
design. It would be made up of a cluster of huge F-1 engines, each
generating 1.5-million pounds of thrust. Upper stages would be pro-
pelled by 200,000-pound-thrust, liquid hydrogen-liquid oxygen J-2
engines.

NOVG

Nova, a conceptual vehicle, is the most powerful under NASA con-
sideration. It would have a 12- to 20-million-pound-thrust first stage,
consisting of a cluster of F-1 engines or an immense solid rocket. Its
upper stages would be clustered rocket engines fueled by high-energy
liquid hydrogen-I.OX, with, perhaps, one nuclear-rocket upper stage.

Primary roles will be to direct launch the Apollo spacecraft on its
lunar-landing goal and to drive huge spaceships toward other planets.

Direct launch is in contrast to another method in which smaller
launch vehicles would orbit separately a fully-fueled rocket stage and
the Apollo spacecraft with auxiliary propulsion. The astronauts
aboard Apollo would guide it toward a junction with the rocket stage,
a maneuver termed “orbital rendezvous.” When the joined Apollo
and rocket are at the optimum point in orbit, the rocket would be fired,
launching A pollo toward the moon.
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Atlas-Centaur, 107-feet high, will be the first United States launch vehicle to employ a

high-energy upper stage, using liquid hydrogen-liquid oxygen (LOX) instead of the conven-

tional combination of kerosene and LOX. Capability: 8,500-pound earth satellites, 2,500-
pound lunar probes, and 1,450-pound Mars and Venus experiments
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Saturn first stage completes final static firing at Marshall Space Flight Center on February
14, 1961. The booster, which will be used in the U.S. manned space flight program, will
develop 1.5-million pounds of thrust
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Four-stage Scout boosts Explorer XIII micrometeoroid satellite into orbit, August 25, 1961
(after the report period). Scout is an all-solid fuel vehicle of considerable versatility
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Juno Il, a U.S. Army-developed launch vehicle which orbited Explorer XI, stands in its
gantry at Cape Canaveral during a static firing
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AGENA B
2ND STAGE

Thor-Agena B is scheduled for delivery to NASA in early 1962. The Thor booster provides
165,000 pounds thrust, the upper stage Agena B, 15,000 pounds.

74




CHAPTER 8

Propulsion and Power Generation

Research Stresses Three Basic Systems

NASA is centering its propulsion research on rocket engines of
three basic types: chemical—both liquid and solid; electrical; and
nuclear.

Liquid-propellant engines continue to dominate the current NASA
launch-vehicle family. (NASA currently has one all-solid-propel-
lant launch vehicle—the four-stage Scout.) Looking further to the
future, the Agency is devoting increased effort to electrical and nuclear
systems having good promise for use with interplanetary spacecraft
now being designed.

Liquid Propulsion

Most liquid-propellant engines employed today burn kerosene and
liquid oxygen (LLOX), a propellant-oxidizer combination having rela-
tively low energy. The growing need for more powerful and efficient
chemical engines has spurred research into high-energy combinations,
such as liquid hydrogen and LOX. Work on such engines for upper
stages is being particularly emphasized. They will greatly increase
our overall launch-vehicle capabilities since they will be able to lift
heavier payloads and perform higher energy space missions than

nragan

H-1 Hydrocarbon-Oxygen Engine

The H-1 engine—fueled with a refined form of kerosene called
RP-1-—is being designed to attain a high level of reliability and per-
formance (thrust raised from 165,000 pounds in the initial design to
188,000 pounds) for use in a cluster of eight in the first-stage Saturn
booster. The required increase in thrust puts undue strain on some
components (designed to operate at the original level) and appreciably
lowers the safety margin for others. Work is therefore in progress to
simplify the engine system by integrating functions—that is, having
one component perform more than one function—and some of the
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more serious operating problems are being eliminated through re-
design. The turbopump, for example, has now been rebuilt with
stronger bearings, gears, and pumps, permitting safe operation at the
higher power output.

In static tests (ground *tiedown™ firings on special stands, simulat-
ing conditions of actual flight) at the 188,000-pound-thrust level by
the contractor (Kocketdyne Division of North Awmericain Aviation,
Inc., Canoga Park, Calif.), combustion became rough on several oc-
casions, burning the thrust chamber beyond repair. The injector was
modified to stabilize combustion, and the burnout problem was elimi-
nated.

In November 1960, after exhaustive tests to qualify the H-1 engine
for flight, the contractor made initial delivery to the Marshall Space
Flight Center for clustered assembly in the Saturn first-stage booster.

H-1 Engine Cluster Tested—In static tests of eight-engine H-1
clusters at Marshall, LOX leaked through cracks caused by unrelieved
stresses in the dome of the thrust chamber. An improved fabrication
technique has been adopted, and the defect has not recurred.

To determine whether the cluster might be reused after launching
and separation from the Saturn vehicle, an engine was fired and then
immersed in salt water. The unit was later removed, carefully ex-
amined and checked out, and refired. Results were promising: there
was apparently little or no ill effect from the salt water.

}-2 Hydrogen-Oxygen Engine

Development of the single-chamber J-2, a 200,000-pound-thrust
liquid hydrogen-LOX engine (for clustered use in the second stage of
the advanced Saturn), continued at the Rocketdyne Division of North
American Aviation, Inc., Canoga Park, Calif. (Development of the
J-2 began in September 1960.) Progress was satisfactory, although
some difficulties were encountered in the turbopump and thrust cham-
ber, requiring changes to be made in the initial design. First engine
deliveries to NASA are scheduled for November 1962.

Static tests of uncooled J-2 thrust chambers with hydrogen pro-
pellant. in both the gaseous and liquid state disclosed no serious op-
erational problems. Beginning in April 1961, on a modified stand at
the contractor’s Propulsion Field Laboratory, a series of firings with
many thrust chambers, both cooled and uncooled, was carried out,
starting at 4 seconds and gradually approaching the full rated
duration.

F-1 Engine

The F-1 is a 1.5-million-pound-thrust liquid oxygen-hydrocarbon
fuel engine.
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Thrust Chamber Development—During the report period, three
problems, two of which caused major damage to hardware and test
facilities, were solved. Rough combustion—one of the problems—
was overcome by developing injectors with stable operating character-
istics and by adding baffle plates to the injectors.

The second problem, inadequate cooling, was resolved by redesigning
the injector hole pattern and by using copper rings in the construction
of the injector.

The third problem was encountered in the manufacture of the thrust
chambers. The solution in this case was to use extreme care in fabri-
cating the bundles of high temperature alloy tubes used in the regen-
eratively cooled thrust chambers.

Thrust Chamber Tested —Sixty-seven main stage tests and two ig-
nition tests of the engine’s thrust chamber had been conducted before
testing of the complete engine. These main stage and ignition tests
began in November 1960.

On February 10, 1961, the F-1 chamber registered a thrust of
1,556,000 pounds for two seconds. On April 6, 1,640,000 pounds of
thrust was attained for 13 seconds.

Test First Complete Engine Successfully—On June 13, Rocketdyne
engineers static-tested a complete F-1 engine for the first time at
Edwards Air Force Base, Calif. The engine operated for 350 milli-
seconds, recording a thrust of 1,019,000 pounds. Its performance was
smooth and reliable.

On June 16, the engine was tested for 5.5 seconds at thrust levels
just over 1 million pounds. Again, it operated as planned.

Test Tempo To Increase—Full-scale static firings will increase in
tempo and duration during the coming months. More than 300 engine
tests are planned for next year. Preliminary flight-rating tests are
scheduled to begin in December 1962 and end in March 1963.

Advanced Liquid-Propellant Technology

Storage of Propellants in Space Environment.—In a continuation
of studies of space environmental problems under NASA contract, the
Arthur D. Little Co., Cambridge, Mass., has been investigating pro-
pellant storage in space. Using various laboratory and experimental
techniques, liquid hydrogen and LLOX were exposed to the various
hazards found in space, such as ionizing cosmic rays, thermal radia-
tion (heat) from the sun, and micrometeoroids. The conclusion was
reached that this propellant combination will not suffer from long-
term exposure to ionizing forms of radiation, but shielding the cryo-
genic (very cold) liquid hydrogen from the heat of the sun may be
a major engineering problem.



In related work, various techniques were used to gain data on the
density, mass, and velocity of micrometeoroids.

Plug Nozzle Rocket Engine—Further studies were made of the
“plug nozzle” concept for rocket engines (described in ch. 11 of the
third, and ch. 8 of the fourth, NASA semiannual reports to Congress).

F-1 engine in static test at Flight Research Center, Edwards, Calif.

An integrated plug nozzle engine with segmented combustors was
operated with and without cooling. Results were extremely promis-
ing: the engine produced the 50,000 pounds of thrust called for in the
design, and the direction of thrust was successfully varied by changing
the pressure in the individual segments. The findings were in close
agreement with previous calculations, and proved the feasibility of
the design concept.
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During the period, the contractor also tested a system of cooling the
combustion chamber segments of the engine by circulating a portion
of the cryogenic propellant as a “coolant.” The tests demonstrated
that the heat of combustion can be absorbed without difficulty when
this method is employed.

The investigation of the plug nozzle engine was conducted, under
NASA' contract, by the General Electric Co.’s Malta test station,
Schenectady, N.Y. The project has been completed, and a final report
has been issued.

Solid Propulsion

NASA conducted an extensive solid-propulsion technology research
program to improve large and small engine performance, reliability,
and versatility. Much of the work was centered on the four-stage
Scout and relatively small sounding rockets such as Iris and Arcon.
However, studies were also in progress on much larger solid-propel-
lant engines for eventual use in first-stage launch vehicle.

Arcon Sounding Rockets—Two Arcon rockets which had been
stored at 120° F. fqr 6 months and 1 year, respectively, were removed,
studied for possible deterioration, and static-fired. (The high-
temperature storage speeds up the aging process fourfold; thus 6
months of storage at 120° F. is equivalent to 2 years at normal room
temperatures of 70° F. This method makes it possible to assess
storage life quickly.)

The engine stored for 1 year performed within specifications. The
6-month unit, however, burned out the insulation of the internal
chamber after 28 seconds of operation (normal burning time: 34 sec-
onds). Analysis indicated that the burnout probably resulted from
a flaw in the insulation which may have been aggravated by storage.

Iris Sounding Rocket Development Completed.—The development
program for Iris was completed. The Iris rocket, developed by
Atlantic Research Corp., Springfield, Va., is designed to propel a
100-pound payload to an altitude of 185 miles. The rocket is approxi-
mately 13 feet long, 1 foot in diameter, weighs 1,140 pounds, and uses
the same solid propellant as Arcon. When a stabilizing fin section
and the 100-pound payload are attached, the vehicle totals 1,290
pounds and is 20 feet long. Launched from a tower, the rocket will
receive extra initial thrust from a small, clustered booster.

Of three flight tests (July and October 1960 and January 1961),
two met all objectives. In the third test, the rocket functioned prop-
erly until it had burned for 53 seconds when the vehicle became un-
stable and began to tumble. Analyses indicate that a leak may have
occurred in the rocket engine just before burnout. The pressure-
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monitoring port on the nozzle end is suspect, and extra insulation
may be applied at this point in future vehicles. :

Archer Advanced-Design Sounding Rocket.—The Atlantic Research
Corp. static-fired five Archer rocket engines; three were completely
successful. Seven inches in diameter and weighing 200 pounds,
Archer embodies several design improvements which could be used
to enhance performance of sounding rockets such as Iris. The TIOZZ1e
of the improved engine is completely lined with graphite to minimize
erosion and thrust misalinement. The engine has a new high-burning
rate, an increased-energy propellant, a propellant support system ca-
pable of withstanding high accelerations, and improved chamber in-
sulation to decrease the inert weight. Although this engine was
designed solely to test several advanced features, its overall perform-
ance characteristics may warrant the building of a new vehicle capable
of satisfying the sounding rocket requirements of several Government
agencies.

Solid-Propellant Rocket Technology

Studies of high-performance rockets were continued during the
period. Typical are the following:

“Nozzleless” Rocket—Following the four successful static firings
of a nozzleless rocket reported in the last period, an analytical study
was completed by Grand Central Rocket Co., Redlands, Calif., to
conclude its contract. This analytical phase indicated that the noz-
zleless concept, offers distinet advantages in performance and cost for
small sounding rocket payloads. One basic disadvantage is the poten-
tial thrust misalinement caused by using the propellant opening as
a nozzle.

Multilayered Rocket Engine—The Allegany Ballistics Laboratory,
Cumberland, Md., completed five static firings of this experimental,
highly efficient, solid-fuel engine. The first four were partially suc-
cessful; the last, completely so. The 600-pound gross weight engine
consisted of more than 94 percent solid propellant by weight and a
bare minimum of inert structural components. The pressure and
thrust curves exhibited the predicted pattern as the various layers of
propellants were consumed. A 10-month contract extension was
granted for further design improvement and about six more firings
are planned.

Nozzle Cooled by Liquid Metal—Under a contract with NASA, the
Rocketdyne Division of North American Aviation investigated the
possibility of producing an efficient, lightweight nozzle system by
spraying liquid lithium onto a very thin high-temperature-resistant
(refractory) metal cone. Although analysis indicated that such a
nozzle system is possible, the experimental portion of the program has
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been delayed by problems in welding, brazing, and riveting. A mo-
lybdenum alloy nozzle assembly (for 3,000 pounds of thrust) accepted
for firing tests cracked after it was attached to the test stand. The
mechanical properties of these refractory metals must be improved
before this nozzle design can be utilized.

Steering and Velocity Control Studies

Fluid Injection Steering.—The Naval Ordnance Test Station, In-
yokern, Calif., continued studying the possibility of steering a rocket
by injecting gases or liquids into the nozzle exit cone.

One test with the 3,000-pound-thrust fourth stage of Scout indi-
cated that an inert fluid injected at several points in the exhaust
nozzle cone can generate substantial steering forces. Two more fir-
ings are planned to test another fluid and a larger nozzle cone. This
system may be applied to very large solid boosters as well as small
vehicles.

Steering Package Concept.—The Allison Division of General Mo-
tors, Inec., Indianapolis, Ind., and Vickers, Inc., Detroit, Mich., con-
tinued parallel research on a package of separate solid rocket motors
to steer vehicle stages.

The initial program of the Allison system (four solid rockets, ro-
tating independently and controlled by the guidance system) was
completed. In final tests the four-rocket packages worked well,
system response rates were good, and no malfunctions occurred during
burning. Further study is planned.

The Vickers system controls vehicle direction and roll by means of
a single solid-propellant gas generator that exhausts through valves
to a series of fixed nozzles. In early tests, the gas from the central
generator overheated the control valves. Later, when the gas temper-
atures were lowered, the valves passed preliminary tests. Problems
m design of the lightweight Fiberglas chamber for the gas generator
were solved, and the packaged system—generator, valves, and fixed
nozzles—was readied for testing.

Acoustic Control of Buming Rate

Further tests of sonic (sound-wave) control of solid propellants
were conducted by Acoustica Associates, Inc., Los Angeles, Calif.,
under NASA contract. Research indicated that the burning rate
may be acoustically modified at fairly high sonic-energy levels. Fur-
ther work will concentrate on demonstrating feasibility and learning
more about the mechanism that controls the burning rate.
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High-Temperature Nozzle Materials

Under NASA contract, the Arde-Portland Corp., Newark, N.J.,
completed a study of materials capable of resisting very high tempera-
tures. During the period, the contractor tested pyrolytic graphite,
columbium, tantalum carbides, two-phase systems of tungsten plus a
carhide and aluminum infiltrated refractory carbide. All materials
were subjected to combustion pressures of 500 to 1,000 p.s.i and
temperatures up to 6,500° F.—conditions as severe as any expected to
be encountered in solid rockets today. Several of the materials
seemed to have qualities worthy of consideration for future use in
space propulsion motors.

Solid Rockets as First Stages of Launch Vehicles

Feasibility Studies Completed—In March, NASA contractors com-
pleted feasibility studies of solid rockets and rocket clusters with
thrusts of 3 to 15 million pounds. The 6-month, $216,000 study be-
gan in September 1960. Contractors included the Aerojet General
Corp., Sacramento, Calif.; Grand Central Rocket Co. (now Lockheed
Propulsion Co.), Redlands, Calif.; and Thiokol Chemical Co., Hunts-
ville, Ala.

Design studies were based upon two vehicle concepts: one to place
a 40,000-pound satellite in an earth orbit, the other to power a 125,-
000-pound spacecraft on lunar and interplanetary missions. Both
vehicles would employ solid-propellant first stages and liquid hydro-
gen-liquid oxygen upper stages.

The detailed studies considered engine and cluster designs, de-
velopment programs, and the logistics of fabricating and handling
such large engines. The conclusion, which agrees with that reached
by other investigators, is that currently available propellants, con-
struction methods, and thrust vector control systems can be combined
to perform the required missions, in some cases at substantial savings.
Problems associated with scale-up may be encountered, but analysis
indicates that they can be solved.

The proposed engines were all of conservative, relatively simple
design. Almost all thrust-vectoring steering systems used jet vanes
or fluid injection to permit rocket engines to be developed independ-
ently of the vectoring systems; this method will make it easier to
separate potential problems and thus to minimize costs. Contractors
estimated that development would require from 2 to 3 years, depend-
ing on engine size; clustering tests will take longer, and some new
facilities will be required.

Segmented and Tapered Large Solid Rockets—The United Tech-
nology Corp., Sunnyvale, Calif., completed tests of three solid seg-
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mented rockets, each made in three separate sections weighing about
1,000 pounds each. Joined at the firing site, the complete engines
were 38 inches in diameter (tapered), 6 feet long, and weighed 3,000
pounds. In static-firing tests, each of the three rockets delivered
about 15,000 pounds of thrust for 50 seconds.

Two types of segment joints were evaluated, one utilizing shear
pins, the other recessed bolts; each functioned properly. The cham-
bers were unaffected by firing, and the nozzles showed very slight
erosion ; the engines are reusable.

The tests indicate that it may be practical to build motors in seg-
ments for easier handling and shipment—by truck, railroad cars, or
other means of transport unable to carry complete units weighing,
perhaps, several hundred thousand pounds.

The purpose of the tapered shape of the segments (3° taper overall)
is to generate the same gas dynamic conditions near the forward end
of the motor that exist at the aft end, eliminating any variation in
burning rate along the length. Short test motors should burn the
same as long, full-scale motors. For this reason tapering may mini-
mize the number of full-scale tests required.

Under a new, cost-sharing, $1.8 million contract with NASA, United
Technology undertook the design of a much larger engine and began
fabrication of its chamber components. The new engine will weigh
more than 35 tons and deliver about 250,000 pounds of thrust for 1
minute. More than 27 feet long, it will have a central segment and
two end sections. It can be enlarged by adding extra segments and
a larger nozzle. Firing is planned for August 1961. (This test was
carried out with essentially all goals attained.)

Multimillion-Pound-Thrust Launch Vehicles

In March 1961, NASA awarded three parallel contracts for six-
month studies of advanced launch vehicles having first stages with
6 to 12 million pounds of thrust. Contractors are: Convair Division,
(zeneral Dynamics Corp., San Diego, Calif. ($130,017) ; Georgia Di-
vision, Lockheed Aircraft Corp., Marietta, Ga. ($186,743); and North
American Aviation, Inc., Los Angeles, Calif. ($160,041).

The contracts called for investigating (1) the role of nuclear pro-
pulsion; (2) recovery of large first-stage rockets; (3) comparison of
pressure-fed and pump-fed systems; (4) employment of rocket en-
gines fueled by liquid hydrogen and LOX instead of kerosene (RP-
1) and LOX; and (5) development of dual-thrust first stages having
either liquid- and solid-propellant engines or liquid- and nuclear-
powered engines.
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Nuclear Propulsion

The nuclear-rocket engine program (Project Rover) has emerged
as a major phase of the national space effort. Analysis has indicated
that the technology being developed in the Kiwi reactor and NERVA
nuclear-rocket, engine work now in progress could lead to a great im-
provement in payload capability and maneuverability when used, for
example, as the upper stage of an Advanced Saturn.

The nuclear-rocket engine program is completely integrated. It
involves the reactor, the engine, the test-flight vehicle, and test facili-
ties development. The program is jointly supported by NASA and
AEC.

AEC Ground-Tests Kiwi-A—3

In the third experiment of Project Rover a test reactor desig-
nated Kiwi-A-3 was successfully ground-tested by its designer, the
Los Alamos Scientific Laboratory (LASL) at AEC’s Nevada Test Site
on October 19, 1960.

Like Kiwi-A-Prime," the second experiment in the series, the re-
actor used hydrogen gas under high pressure as the “propellant,” but
contained modifications and design improvements over its predecessor.
The test run lasted for 4 minutes 10 seconds at slightly above the
design power and temperature.

Kiwi-B Reactor Test Planned

NASA and AEC announced on June 1, 1961, that the first of
a series of Kiwi-B experimental reactors will be ground-tested in the
fall at the AEC’s Nevada Test Site. The tests will begin an acceler-
ated testing phase in the joint NASA-AEC Project Rover nuclear
rocket propulsion program.

The Kiwi-B reactor will provide further data for the development
of a nuclear engine for rocket vehicle application (NERVA). The
first experimental reactor system series, Kiwi-A, developed by the
Los Alamos Scientific Laboratory and tested in 1959 and 1960, indi-
cated the feasibility of applying such sources of power to rocket
propulsion. .

NERV A Contract To Be Negotiated—On June 7, 1961, NASA
and the AEC announced plans to negotiate with an industrial team—

1Tested July 9, 1960. See NASA’s Fourth Semiannual Report, pp. 106-107.
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Aerojet-General Corp. and Westinghouse Electric Corp.—for a first-
phase contract to develop the NERVA nuclear rocket engine. The
6-month contract calls for preliminary design of the NERVA engine,
a development plan, and a schedule of costs and work.

Engine Contractor To Be Chosen

On November 1, 1960, NASA and AEC announced jointly a request
for proposals from a number of manufacturers for research and
development of an experimental nuclear rocket engine. The action,
intended to speed development of the nuclear rocket by about 6
months, bypassed the customary feasibility design study requested
several months earlier. The joint AEC-NASA Nuclear Propulsion
Office (established on August 31, 1960) evaluated program require-
ments and concluded that Project Rover could be speeded by cancel-
ing the earlier request.

Nuclear Proposals

On February 2, 1961, the NASA-AEC Space Nuclear Propulsion
Office, Germantown, Md., invited industry to submit proposals for
participation in the nuclear-powered rocket engine program. The
invitation delineated the engine contractor’s initial role as assisting the
Los Alamos Scientific Laboratory in conducting the reactor test pro-
gram; in performing research and development in critical engine
areas; in designing the first nuclear rocket engine; and in planning a
development program. Interested companies were informed that
deadline for receipt of proposals was 10 a.m., e.s.t., April 3, 1961.

Nuclear Rocket Engine Development Facility Study

In December 1960, the AEC-NASA Nuclear Propulsion Office chose
an industrial team for contract negotiations to conduct a study of the
requirements for a national nuclear rocket engine development facility.
The new facility is needed because present test facilities at AEC’s
Nevada Test Site, Jackass Flats, Nev., are already fully committed to
the development of nuclear reactors.

The proposal selected for initial negotiations was submitted by the
Ralph M. Parsons Co., Pasadena, Calif., in association with the Thiokol
Chemical Corp., Bristol, Pa., representing TALANT-—a team consist-
ing of Thiokol; the Allison Division of General Motors Corp.; the
Linde Co., a division of Union Carbide Corp.; and the Nuclear Devel-
opment Corp. of America. The proposal was one of 12 submitted after
a briefing at AEC’s Nevada Test Site on October 7, 1960, attended by
representatives of 26 companies.
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The 4-month study will furnish the following kinds of information
required for planning the new establishment : Site considerations; num-
ber and type of test stands needed ; control center; supporting facili-
ties; buildings for assembling and disassembling reactors; require-
ments for water and electrical power; and construction costs and
schedules.

SNAP-8 Design and Development

Design and development continued on SNAP-8 (Systems for Nu-
clear Auxiliary Power) a joint AEC-NASA project to develop a
reactor and power conversion system to produce either 30 or 60 kilo-
watts of power.

The Aerojet-General Corp., Azusa, Calif., completed the design of
the first experimental turbine and alternator for the 30-kilowatt power
conversion system and commenced fabrication. Seal and pump tests
were started both for the sodium potassium (primary) and the mer-
cury (secondary) loops. The mercury pump operated satisfactorily
at its rated speed of 20,000 r.p.m. Parts of the first low-power mer-
cury vapor (secondary) loop were fabricated and the assembly draw-
ing was released.

The SNAP-8 reactor and conversion system will be the first in the
SNAP series powerful enough to generate electricity for ion jet pro-
pulsion and to furnish electricity for payload instrumentation.

SNAP-8 Trial Run—The first trial run of the SNAP-8 boiler was
made with boiling mercury at the AEC’s Los Alamos Scientific
Laboratory (LASL). A total of 60 kw. of heat was applied to the
test section at a flow rate of 1,000 pounds per hour. Preliminary
results indicated that the SNAP-8 boiler will be close to design speci-
fications after minor changes.

Radiator tests continued; arrangements were made for Pratt &
Whitney to measure radiating efficiency of coatings in the equipment
already in use. Fabrication of components for the first experimental
turbine was completed. Other major components were being fabri-
cated and tested at LASL, and a low-power mercury vapor loop was
being assembled.

High-Power Nuclear Turboelectric Systems

A number of unsolicited proposals relating to applied research on
components for systems of higher power than SNAP-8 have been
received and are undergoing evaluation.
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Plum Brook Reactor Goes Critical

NASA’s Plum Brook reactor, Lewis Research Center, Cleveland,
Ohio, began operating on June 14, 1961. The reactor, completed in
March, is designed for the study of such nuclear power system com-
ponents as pumps, turbines, shielding, and propellant feed systems.

Over a period of several months, the output will be increased grad-
ually to a maximum of 100 kilowatts; the reactor will then be shut
down for a final inspection by NASA and the Atomic Energy Com-
mission lasting about 30 days. After inspection, the reactor will be
started up again with the long-range objective of reaching its full
design power of 60 million watts.

Interior of the Plum Brook facility. The reactor core is 21 feet below the open hatch

After it achieves full power, the reactor will be used to investigate
the effects of radiation on materials at extremely low temperatures
and on sensitive ¢lectronic components. All these conditions may
be encountered in the operation of nuclear-power systems for space-
craft.

The Plum Brook reactor was built by NASA engineers with the
cooperation of AEC. Started in 1956, the $13 million facility now
has a staff of over 150 engineers, physicists, and technicians.
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Electric Propulsion

Three concepts of electric-propulsion engines are being explored
under NASA research and development contracts. These comprise
electrothermal (arc-jet), clectrostatic (ion), and electromagnetic
(plasma) engines, each of which will require a nuclear-electric power
generating plant such asthe SNAP-8 system.

I-kw. Electrothermal Engine—This engine is being developed by
the Plasmadyne Corp., Santa Ana, Calif., under a $2 million NASA
contract awarded in September 1960. The contract calls for the
development of an engine for use in spacecraft attitude-control and
stabilization systems. In April 1961, $330,000 was added to the pro-
gram for the design, development, and fabrication of a flight model.
Flight testing is planned for late 1962, using a Scout vehicle,

30-kw. Electrothermal Engine—Contracts to develop a laboratory
model of a 30-kw., arc-jet engine for primary propulsion of space-
craft were awarded to the General Electric Co., Evendale, Ohio, and
AVCO-RAD, Wilmington, Mass., in April 1960. The engine, about
the size of a standard thermos bottle, will produce about one-half
pound of thrust, and will have a continuous operating lifetime of 50
hours. It will require an auxiliary electric generating plant such as
the SNAP-8 nuclear system now under development. When finally
developed, the arc-jet engine system may be used as the main propul-
sion unit for raising satellites from low to higher altitudes, and for
propulsion of spacecraft on earth ferry and lunar missions.

AVCO investicated a radiation-cooled, direct-current arc jet.
Cryogenic propellants—hydrogen and helinm—were studied, and it
was concluded that considerable engineering development is necessary
before such propellants can be adopted for arc-jet engines. However,
work on the 30-kw., arc-jet engine improved electrode operating life
by (1) increasing the direct current are length, and (2) employing a
new method to feed the propellant to the arc.

The General Electric Co. worked on a regeneratively cooled alter-
nating current arc jet, seeking the optimum configuration and propel-
lant. Such an engine would eliminate conversion equipment needed
for direct current, arc-jet engines.

Electrostatic Engines

The Hughes Research Laboratory, Malibu, Calif., has a NASA
contract to develop a laboratory model cesium ion engine with a thrust
of 0.002 pound. Flyable models can be clustered to produce a total
thrust of 0.01 pound. One experimental unit was built and tested
in a vacuum tank equipped to measure the thrust. ILaboratory tests
of ion beam neutralization indicate that the Hughes neutralization
system should be satisfactory. After full testing operation of the




prototype, flight-engineered models of the millipound engine will be
constructed and put through environmental tests.

In March 1961, NASA added $321,200 to an earlier $490,000 con-
tract for the Hughes cesium-fueled ion engine, advancing the first
flight test of an electric space propulsion system to October 1962. A
mercury engine under development at the Lewis Research Center will
be tested on the same flight.

Ion Rockets—In January 1961, NASA selected the United Air-
craft Corp. Research Laboratories, East Hartford, Conn., for negotia-
tion of a $100,000 contract to study ion rockets as propulsion sources
for interplanetary spacecraft. The contract specifies a 12-month study
of 30-kilowatt to 1-megawatt ion rockets and of dual-thrust propulsion
systems; that is, engines combining chemical and ion power.

Electromagnetic Engines

Magnetohydrodynamic Propulsion—NASA awarded contracts to
General Electric Space Sciences Laboratories, Philadelphia, Pa.; Con-
vair, San Diego, Calif.; Clauser Technology, Torrance, Calif.; and
Marquardt Corp.-MHD, Inc., Van Nuys, Calif., to study magneto-
hydrodynamic (MHD) techniques for space propulsion.

Magnetohydrodynamics deals with electrically conducting high tem-
perature gas (plasma) in the presence of magnetic and/or electric
fields. The plasma is created by heating gas to such a high tempera-
ture that it breaks into positive ions and negative electrons. The gas
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then becomes a conductor of electricity and can be influenced and con-
trolled by magnetic or electric fields.

The General Electric Laboratories investigated the development
of a continuous-microwave magnetic accelerator. The principles on
which such an accelerator would be built are (1) electron cyclotron
heating, and (2) plasma acceleration by a magnetic nozzle.

Convair investigated a coaxial piasma gun as a possibie eieciric
engine. Such an engine would heat a gas by an electrical discharge
between concentric cylindrical electrodes and then accelerate the gas
in the annulus (space between the cylinders) by the pressure of a
magnetic field for propulsion.

Clauser Technology studied the moving magnetic field technique for
an MHD electric engine. In this method, a gaseous plasma, formed
by ionizing the propellant gas, is pushed by a pressure from moving
magnetic fields. The moving magnetic fields are produced by prop-
erly timed currents flowing in coils mounted outside the cylinder that
contains the gas. The timing may be obtained by correctly energizing
a series of individual coils, or by designing the coils as part of a trans-
mission line.

The Marquardt Corp.-MHD, Inc., investigated plasma propulsion
by means of a continuous-flow magnetohydrodynamic accelerator using
multiple discharge points. This type of accelerator heats the gas by
an electrical discharge and accelerates the gas in a channel by magnetic
fields to develop power.

Steady-State Crossed-Field Plasma Accelerator—This accelerator
appears to have a number of important applications, such as a source
of high-speed flow for aerodynamic testing and a propulsion system
for spaceships. While not nearly so powerful as chemical rockets, its
thrust is much greater than that of ion engines.

The Langley Magnetohydrodynamics Branch continued research
on this accelerator and successfully accelerated plasma, increasing the
total thrust up to 25 percent. Research will be continued and ulti-
mately should produce an accelerator capable of producing a flow 20
or 30 times the speed of sound.

Sunflower Solar Electric Power Generating System

The TAPCO group of Thompson-Ramo-Wooldridge Corp., Cleve-
land, Ohio, is developing the Sunflower power system under NASA
contract.

Sunflower is a project to develop a 3-kilowatt electrical power gen-
erating system for spacecraft. A 32-foot-diameter mirror focuses
sunlight into a cavity receiver where it boils mercury circulated
through tubes in the walls. The mercury vapor thus produced is
expanded through a turbine which drives an electric generator. The
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mercury, leaving the turbine, is condensed in a radiator and pumped
back to the solar-heated boiler to be recycled.

The mirror is made up of many petals so that it can be folded
during launching.

This system has the potential advantages of low weight, lower cost
than present solar-cell power systems, and long life in the space
environment.

During the period, most of the preprototype versions of the major
components and subassemblies were designed and fabricated, and spe-
cial equipment and facilities for testing these devices were constructed.
In the test program that followed, a number of problems—corrosion
by boiling mercury, development of liquid mercury lubricated bear-
ings, and containment of lithium hydride for use as a thermal energy
storage material—were encountered. Work is continuing in an effort
to overcome them.
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CHAPTER 9

Satellite Development

Geophysical Satellites

Geophysics, the study of the earth and its environment, requires
repeated observations to learn about variations in physical properties
from day to night, day to day, and season to season. Among satel-
lites planned for such scientific studies are the following :

International lonosphere Satellite (U.K. No. 1) (5-51)

During the period, NASA and United Kingdom scientists continued
their coordinated efforts on this international satellite venture. In-
struments, including an electron density experiment and an ion mass
spectrometer, are being prepared by the United Kingdom. NASA
is building the satellite housing. Designed for an intensive study
of the ionosphere, the satellite is scheduled for launch in 1962 by a

Delta vehicle.
: //

O

e

S-51 International lonosphere Satellite
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Intemnational Satellite No. 2 (5-592)

During the report period, NASA and British scientists selected
experiments for the second United Kingdom-United States satellite.
S-52 will be launched chiefly to gather data on galactic noise (natural
radio waves from outside the solar system), the upper ionosphere, at-
mospheric ozone, and micrometeoroids. Payload planning continued
as the period ended.

A Scout is scheduled to launch S-52 in 1963. Planned orbit is
1,000 miles at apogee, 230 miles at perigee.

Orbiting Geophysical Observatories (OGO) (5-49, $-50)

OGO is a standard satellite structure, complete with power supply,
telemetry, data-storage facilities, and other basic equipment to serve
25 to 50 experiments—test devices—in compartments already con-
nected to electrical power sources and telemetry equipment.

An Atlas-Agena B will launch one type of geophysical observatory
satellite into an east-west orbit having an apogee of about 70,000
miles and a perigee of about 175 miles. Termed Eccentric Geophysi-
cal Observatory (EGO), the satellite will have as its main purpose the
study of energetic particles and other geophysical phenomena requir-
ing such an orbit.

Thor-Agena B will launch a Polar Orbiting Geophysical Observa-
tory (POGO) into an orbit with planned apogee and perigee of 570

~and 160 miles, respectively. POGO will be instrumented chiefly to
study the atmosphere and ionosphere, with particular attention to
the unexplored regions of the atmosphere above the poles.

Both EGO and POGO are OGO spacecraft, differentiated only by
their orbits and experiments. Additional details on OGO appeared in
NASA’s Fourth Semiannual Report.

In January 1961, NASA issued a letter contract to Space Tech-
nology Laboratories, Inc. (STL), Los Angeles, Calif., to proceed with
preliminary analytical and design studies of OGO. STL had been
one of eight companies submitting proposals for design, development,
construction, and test of the first three OGO’. In April 1961, NASA
and STL agreed OGO would be designed as a boxlike structure, with
movable solar-cell vanes for electric power, and booms or extensions
for experiments that might be influenced by spacecraft structure or
equipment. It would weigh 900 pounds—750 pounds of structure,
stabilization-and-control, power, data-storage, and communications
equipment ; 150 pounds of scientific instrumentation.

By the end of the period, detailed design and development were in
progress.
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Two views of the Orbiting Geophysical Observatory (OGO) scheduled for launching in 1963

Astronomical Satellites
Orbiting Solar Observatory (OSO) (5-16, S-17)

All experiments in the solar-oriented and spinning-wheel sections
of a prototype Orbiting Solar Observatory (OSO) functioned cor-
rectly in tests conducted at the Ball Bros. Research Laboratory,
Boulder, Colo. Assembly of the 440-pound flight model was com-
pleted ; experiments will be installed following evaluation of the proto-
type spacecraft. NASA has scheduled the first OSO (S-16) for
launch by a Delta vehicle in 1962. A circular 300-mile orbit is
planned.

OSO will be employed in an intensive study of the sun and its
phenomena. This study will include detailed examination and mon-
itoring of electromagnetic radiation from the sun, particularly radia-
tion which cannot be studied by observatories on earth because it is
blocked or distorted by the atmosphere.

S-16 instruments include (1) an X-ray spectrograph, (2) a Lyman-
Alpha spectrometer, (3) low-energy and high-energy gamma-ray
detectors, (4) neutron detectors, (5) specialized ultraviolet and X-ray
detectors, and (6) equipment to determine the effect of the space en-
vironment on materials used in spacecraft.

Experimenters are scientists of Goddard Space Flight Center,
Ames Research Center, the University of California, University of
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The Orbiting Solar Observatory (OSO), a satellite to study the sun

Colorado, University of Michigan, University of Minnesota, and
University of Rochester.

In May 1961, NASA released detailed plans for the second OSO
(S-17) to scientists who will provide experiments for the spacecraft.
The participating scientists are from Harvard University, University
of Minnesota, University of New Mexico, Brookhaven National Lab-
oratory, Naval Research Laboratory, and Goddard Space Flight
Center.

Orbiting Astronomical Observatory (OAQ) (S5-18)

S-18 will be the first of a series! of satellites designed to observe
the solar system and universe from above the distorting effects of the
earth’s atmosphere. OAO is basically a standardized “space plat-
form,” complete with stabilization, communication, and power equip-
ment. It will be able to accommodate various types of astronomical
observing devices, including, among others, telescopes with mirrors
up to 36 inches in diameter; specialized spectrometers; photometers;
and image-detecting tubes. Total weight will be approximately 3,500

1 Plans call for an Atlas-Agena B to launch S-18 into a 475-mile circular orbit late in
1963. Subsequently, NASA plans yearly launchings of OAO.
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pounds. The satellite platform will be about 10 feet long and 10 feet
in diameter.

This highly advanced scientific satellite will carry about 1,000
pounds of scientific apparatus. It will be able to point instruments
at a given star within a fraction of a second of arc (equivalent to
focusing within one-third inch of a point a mile away).

During the period, Grumman Aireraft Engineering Co., OAO
prime contractor, iegotiated four main subsystem development con
tracts as follows: General Electric Co., spacecraft stabilization and
control subsystem; Radio Corp. of America, TV scanner subsystem;
International Business Machines, data-processing subsystem; and,
Westinghouse Electric Corp., ground operating equipment.

In April 1961, NASA Headquarters and Goddard Space Flight
Center, which is managing the project, contracted with Booz-Allen
Co. for a study of an independent NASA reliability control program
for the OA O project.

Meteorological Satellites

Nasa is developing meteorological satellites for worldwide observa-
tion of the atmosphere for both operational and research purposes.
Data provided by such satellites will enable meteorologists to increase
their understanding of atmospheric forces and to improve weather
forecasts.

TIROS A-3?

Launch of TIROS A-3 has been scheduled to provide maximum
coverage of the 1961 hurricane season in the North Atlantic and the
Gulf of Mexico, and the major typhoon season in the Pacific. TIROS
A-3 should thus record and transmit useful data on the origin and
movement of these storms.

Significant improvements of TIROS A-3 over its predecessors are:
Both TV cameras will be wide-angle to increase reliability and acqui-
sition of the most valuable types of data; addition of a third radiation
experiment, designed at the University of Wisconsin, to provide data
on reflected solar and emitted infrared (heat) radiation from areas of
the earth’s surface about 1,000 miles in diameter. (In comparison,
the wide-angle infrared radiometer in TIROS II ? covered only about
450 miles at any one time.) Radiation data is used in research to

2TIROS A-3, launched July 12, 1961, became TIROS III. The satellite acquired ex-
cellent data on seven hurricanes, nine typhoons, and a number of less severe tropical
storms. It first reported the cloud formation associated with the tropical storm later
named Hurricane Esther.

2 For detalls of TIROS II, see ch. 3.
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increase meteorological knowledge ; eventually, this research may lead
to improved weather forecasting.
A third-stage blast deflector is being installed to minimize con-

tamination of the camera lens such as occurred in the TIROS II

experiment.

In March 1961, NASA completed negotiation of the TTROS A-3
payload contract with RCA Astro-Electronics Products Division,
Princeton, N.J. Earlier, NASA had authorized the payload
contractor to order long-leadtime items and to undertake some
engineering.

More use will be made of TIROS A-3 than of its predecessors for
practical analysis and weather forecasting. To this end, improved
communications are being installed between the read-out stations (see
below) and the National Meteorological Center, Suitland, Md. The
center will incorporate TIROS data directly into its analyses and
forecasts. In addition, cloud analyses similar to those issued for
TIROS I and IT will be disseminated to U.S. weather stations and
foreign weather services.

NASA and the U.S. Weather Bureau invited foreign meteorological
services to participate in the TIROS A-3 experiment by making
ground-based weather observations simultaneously with satellite or-
bital passes. This program is analogous to that planned in connection
with TIROS IL

Read-Out Station Moved

NASA completed the move of the east-¢oast TIROS read-out station
from Fort Monmouth, N.J., to Wallops Station, Va. Ithad previously
issued requests for bids to manufacture facilities similar to those at
Fort Monmouth. The other TIROS read-out station is at Point Ar-
guello, Calif. (See Chapter 14, “Construction of Facilities.”)

TIROS Program Expanded

The demonstrated value of the TIROS cloud-picture data for
weather forecasting makes it desirable to continue the TIROS pro-
gram at least until the first successful Nimbus advanced meteorological
satellite. Consequently, NASA extended the TIROS program to four
launches beyond A-38, at approximately 4-month intervals. RCA
Astro-Electronics Products Division, Princeton, N.J., will fabricate
and qualify the necessary spacecraft, and RCA Service Corp. will op-
erate the two read-out stations.
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Nimbus

Because it is stabilized by spinning, a TTROS satellite can observe
the earth only a part of the time. (During major portions of each
orbit, its cameras point away from earth.) Also, because the TIROS
orbit crosses the Equator at an inclination of about 48° it cannot obtain
significant data poleward of 55° latitude.*

Nimhwiio an advanaad meotoorslocicnl aatollits o -l!n'l'lf\m mMTRNQ il

Nimbus, an advanced meteorclogical satellite TTROS, will
overcome these limitations. Its television cameras and radiation sen-
sors will always face the earth, and the satellite will be launched into
a polar (rather than an inclined) orbit, so that it can photograph the
entire globe at least once each 24 hours.

On February 3, 1961, NASA selected the Missile and Space Vehicle
Department of the General Electric Co., Philadelphia, Pa., for con-
tract negotiations to fabricate the basic Nimbus spacecraft structure,
to integrate subsystems into it, and to test one prototype and two flight
units, one of which will be flown as the first Nimbus (A—4).

A Thor-Agena B is scheduled to launch this 660-pound satellite in
late 1962 from Point Arguello, Calif., into a 500-mile, circular orbit.
It will carry at least three television cameras—improved versions of
those in TIROS—oriented for almost horizon-to-horizon coverage.
Nimbus will also carry infrared radiation equipment, including a de-
vice to furnish data on cloud cover at night, which the TV cameras
cannot do.

Instruments will be powered by solar cells, augmented by storage
batteries. Included in the payload will be tape recorders and teleme-
tering and command equipment.

Later spacecraft may also carry additional or improved sensors, such
as (1) redundant TV cameras, (2) more and improved infrared detec-
tion equipment, (3) Image Orthicon cameras for nighttime cloud data,
(4) an electrostatic tape camera to obtain more details on cloud pat-
terns and types, (5) a spectrometer to measure atmospheric tempera-
tures and the distribution of water vapor, and (6) radar to observe
lower cloud layers and precipitation. Orbit altitude may be increased
to about 600-750 miles.

Nimbus will be controlled from a data read-out station under con-
struction at Fairbanks, Alaska. Communications are being established
for transmitting the data rapidly from Fairbanks to the National
Meteorological Center to be used in weather analysis and forecasting.
Afterwards, the information will be made available for research and
climatological studies.

4« NASA will attempt to launch some later TIROS satellites in 60° orbits to increase
coverage to about 65° of latitude.
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Nimbus will serve as the basis for the first operational meteorologi-
cal satellite system.®

Aeros

The Aeros family of meteorological satellites—at present still in the
concept stage—would be designed to enable meteorologists to observe
storms continuously from their earliest stages to their ends. NASA
plans to launch Aeros satellites into “stationary” orbits; that is, into
orbits that are 22,300 miles above and parallel to the equator. A satel-
lite in such an orbit takes as long to travel around the earth as the
earth to rotate on its axis (about 24 hours). Thus, the satellite re-
mains more or less over a specific geographic area on the equator.

Since Aeros would be fixed over the Equator, it would not be able
to view the polar regions. Such observations would be made fre-
quently by the polar-orbiting Nimbus. Aeros can view temperate
and tropical latitudes.

Principal instrumentation of Aeros would be a system of TV cam-
eras, probably with variable focus lenses of the “Zoomar” type, which
can take pictures of a storm area under observation in varying degrees
of detail. Instruments of Aeros, like those of Nimbus, would always

5 NASA and the U.S. Weather Bureau are jointly implementing the National Operational
Meteorological Satellite System. Funds for initial implementation of the system were
authorized in an appropriation signed by the President in October 1961. (See Chapter 3,
“Satellite Applications.’”)
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point toward earth. NASA has requested funds for fiscal year 1962
to study, start design of, and develop the optimum camera system for
Aeros.

Communications Satellites
Echo

Success of the Echo I experiment (see NASA’s Fourth Semiannual
Report to Congress) has led to the continuation of the passive com-
munications satellite program. In February 1961, NASA negotiated
a $400,000 contract with the G. T. Schjeldahl Co., Northfield, Minn.,
to design, develop, fabricate, and test rigidized inflatable spheres for
future launchings in the Project Echo series. These spheres will be
20 times more resistant to buckling and deformation than Echo I and
should have a long useful life in space. Fabricating and testing began
during the report period.

Echo IT is scheduled for suborbital flight tests early in 1962, and
for launch later that year by a Thor-Agena B into a 700-mile, circular
polar orbit. The Echo II sphere will be about 135 feet in diameter,
weighing approximately 600 pounds. Made up of a layer of lami-
nated aluminum foil (0.20 mil thick) on each side of a film of Mylar
plastic (0.35 mil thick), the skin will have a total thickness about that
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The Echo Il passive communications satellite is test inflated. The 135-foot-diameter sphere
folds into the 44-inch canister (foreground) for launching

of the foil on a cigarette package. To maintain heat balance, the
surface of the sphere will be chemically coated.

Relay

Relay will be an active communications satellite weighing about 100
pounds, traveling in an elliptical orbit between 900 and 3,000 miles
above the earth. Delta will be its launch vehicle, with the first orbital
shot scheduled for 1962. NASA has awarded a $3 million contract to
Radio Corp. of America to design, test, and manufacture Relay.

The eight-sided, barrel-shaped unit will contain two communication
sets to receive and retransmit television, two-way telephone, and other
signals. Relay will also carry equipment to measure the effects of
radiation on solar cells and the effectiveness of various amounts of
shielding. Power will be furnished by 6,000 solar cells mounted on
the satellite’s sides.

Rebound

Rebound is a spacecraft for orbiting several satellites with a single
launch vehicle. The advantages of such a device, aside from economy,
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are the possibility of spacing satellites uniformly and reducing the
number of satellites needed to provide continuous communication.,

The first Project Rebound launch is planned for 1963. NASA will
employ an Atlas-Agena B to orbit three satellites at an altitude of
about 1,700 miles. Two such experiments are planned.

In July 1961, NASA awarded a $450,000 contract to Douglas Air-
craft Co., Inc., Santa Monica, Calif., to conduct a design study and
develop preliminary specifications for the Project Rebound spacecraft.
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C(HAPTER 10

Research Primarily Supporting Aeronautics
Activities

Acronautics Research Covers Wide Range

In aeronautics research,! NASA is placing special emphasis on
(1) the supersonic transport, capable of extended flights at speeds as
high as 2,000 m.p.h.; (2) the X-15 rocket-powered research airplane,
designed for speeds from 2,000 to 4,000 m.p.h. and an altitude in excess
of 50 miles; (3) Dyna-Soar, the rocket-boosted hypersonic glider for
exploring the speed range between 4,000 and 18,000 m.p.h. (orbital
velocity for earth satellites) ; (4) helicopters and other vertical take-
off and landing (VTOL) and short takeoff and landing (STOL)
aircraft, and (5) a wide range of other technical problems in aero-
nautical research and flight safety.

In these areas, NASA is carrying on the work of the National
Advisory Committee for Aeronautics (NACA) which for 43 years
maintained close relations with the aircraft industry and the military,
providing research information, coordination, and advice. NASA,
which absorbed NACA on October 1, 1958, is continuing this service.

The greater part of NASA’s advanced laboratory research in
aeronautics is carried out at the Langley, Ames, Lewis, and Flight
Research Centers, and at Wallops Station. Some advanced research
is also conducted under NASA contract or grant by the Nation’s
universities, research institutions, and by private industry.

Research on the Supersonic Transport (SST)
Three Agencies Sfudy SST Developmenf

Development of the supersonic commercial transport is being
jointly studied by the Department of Defense, NASA, and the Federal
Aviation Agency (FAA). (The roles of the three agencies are de-

1 Although the distinction between aeronautics and space research is not always clearly
defined, the two areas are discussed separately in the report for convenience. Space re-
search activities are set forth in ch. 11. The X-15 research airplane, a NASA-Air Force-
Navy project, and Dyna-Soar, an Air Force-NASA supported project, are described in ch. 12.
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lineated in ch. 20.) A report on their coordinated studies of the
problem was issued in June 1961.2 The task group making the study
concluded that “* * * a well-organized national effort is required to
produce an economically competitive commercial supersonic transport
by 1970 * * *” for continued U.S. leadership in world commercial
aviation, for national prestige, and for economic reasons.

New York to London in 2 Hours.—According to the report, the SST
is to be designed to cruise at Mach 3 (more than 2,000 m.p.h.) over a
range of some 3,500 miles, at altitudes above 70,000 feet. This speed
would enable the SST to carry 120 or more passengers from New York
to London in less than 2 hours. A substantial investment will be
required to develop and produce such an aircraft, but the SST will
have the ability to carry more passengers and to make more trips (up
to five a day) than today’s aircraft.

Aerodynamics

NASA’s investigation of designs for the supersonic transport
progressed through wind-tunnel tests at Langley Research Center
of a variable-sweep wing; that is, a wing that can be extended or
swung back mechanically. It is extended for lift at low speeds
(takeoff, climb, approach, landing) ; it is swung back to reduce drag
at high speeds. The wind-tunnel tests indicated that the variable-
sweep wing can be designed for efficient operation and balance at
all speeds.

Langley has concurrently investigated the possibility of applying
the variable-sweep wing to military aircraft. Wind-tunnel tests of
the stability and control of this type of airplane at low speeds have
given good results.

In other studies of the problem of making the high-powered SST
efficient at low as well as high speeds, NASA scientists have looked
into the possibility of using excess engine power to supplement lift
during landing. In studies conducted in the Ames Research Center’s
40- by 80-foot wind tunnel, progress was made in improving per-
formance by deflecting the engine jets or using auxiliary lifting fans
driven by the engines.

Aerodynamic Heating—At speeds of 2,000 m.p.h. and higher, ex-
ternal surfaces of the SST will be exposed to operating temperatures
ranging from 450° to 600° F. Metals used in the structure must
be able not only to withstand these high temperatures, but also to
keep their structural strength during extremely frequent changes
in temperature. For this requirement, titanium and stainless steel,
which retain their strength at temperatures well above 500° F., appear

2 Commercial Supersonic Transport Aircraft Report, June 1, 1961, Department of De-
fense, National Aeronautics and Space Administration, Federal Aviation Agency, vi+48 pp.
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One of the designs being studied for the supersonic transport. The pinched fuselage and
the engine nacelles on the upper surface of the wing-trailing-edge are designed to minimize
drag at supersonic speeds

promising, but many tests and studies in the laboratory and in flight
will be necessary to find out whether they will meet the needs. Metals
in the fuselage must also withstand constant “flexing,” which can
produce fatigue, or weakness, and finally rupture.

Materials other than metal—for example, sealants, lubricants, hy-
draulic fluids, glazing materials, and other items—must show similar
resistance to high temperatures and other extremes of operating
conditions.

Heat will also be a problem with the vehicle’s internal systems
and even with the passenger compartment itself. The aircraft must
therefore be designed to have some type of cooling or insulation
system to keep the interior at suitable temperature levels.

A number of methods for solving this problem have been advanced,
but most considered to date have apparent serious drawbacks. To
insulate the cabin against the heat generated at the SST’s cruising
speed would require materials a foot thick, resulting in anunacceptable
amount of weight. Conventional air cooling is also apparently not the
answer, because the weight of the required equipment is prohibitive.
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Sonic Boom

One of the most severe operating problems of the commercial
SST is noise because of its effects on both the aircraft structure and
on the public. NASA is progressing with research on jet noise to
learn more about its causes and ways of suppressing it. The sonic
boom (a noise like artillery fire caused by an aircraft traveling at
or above ihe speed of sound) can crack windows, dainage stiuctures
on the ground, and disturb entire communities. The SST, because of
its great size, may produce a more intense boom than that of any
airplane now operating.

NASA laboratory and flight research, with supersonic aircraft,
advanced knowledge of sonic boom and how to minimize it. It was
found, for example, that the noise of the sonic boom increases two
to four times when an aircraft accelerates or turns. These data will
be used in further investigations of supersonic aircraft to help pre-
dict the boom and to devise operating techniques to minimize its
effect on the ground.

Operating Problems

Takeoff noise will likewise be greater than that of today’s jet
transports, and may therefore strongly influence the location of air-
ports of the future. Higher landing and takeoff speeds and increased
weights of SST aircraft raise questions about the ability of present
airport runways to handle the SST. Current research on increasing
lift at slow speeds may enable the SST to employ the facilities now
used by subsonic jet transports. However, SST landing gear must
be designed to spread the weight to prevent breaking up runways.

Langley research on problems associated with the takeoff of the
SST showed that the pilot of a supersonic transport will need a
single, compound instrument for reference in order to maintain a
steady path during climb from takeoff. The device should show
changes in speed and altitude simultaneously. Studies on such an
instrument are underway.

Use of Stmulators and Computers for SST Studies—In studies of
the flight capabilities of the SST, Ames Research Center used analog
computers to supply information to the displays and controls of
flight simulators. By these techniques, the handling qualities during
landing approach and touchdown of an aircraft of SST configura-
tion were investigated.

The Center also studied the effects of small disturbances encountered
during cruise flight on the airplane’s flight path and attitude. It
was found that the supersonic transport, like other supersonic air-
craft, would not have sufficient inherent stability for acceptable flying
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qualities during normal operations; thus mechanical reinforcement
of stability would be desirable.

The Boeing Vertol 76 is one type of VTOL aircraft. Its wings and propellers tilt from the
vertical for takeoff to the horizontal for level flight

Research on VTOL/STOL Aircraft

NASA scientists have concluded that a combination VTOL/STOL
aircraft is in many respects preferable to two separate types, because
in operational use both the VTOL and STOL capabilities will be re-
quired under various conditions of payload and terrain. NASA re-
search on problems related to these craft continued at the Ames and
Langley Research Centers.

V/STOL aircraft appear to have useful applications for both mili-
tary and commercial users. In military use, such vehicles could be em- |
ployed for cargo and troop transportation, for reconnaissance, for
surveillance, and for other frontline and close-support missions. The
V/STOL may very well be the answer to the need of the ground forces
for speed and mobility far greater than they now possess.

Commercially, the VT'OL and STOL transports hold considerable
promise for short-haul cargo movements and for airport-to-city com-
muting. Although more costly to build than the conventional trans-
port, the V/STOL should more than offset the difference by the time
saved in moving goods and passengers from city center to city center.
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Bell X-14 Modified for Flight Tests

Modification of the Bell X-14 for use as a variable-stability VTOL
airplane for flight tests was started at Ames Research Center. The
craft has been flown in both hovering and normal forward flight, and
has successfully made the transition from one to the other. Data ob-
tained and the pilot’s evaluation of aircraft performance are being used
in conjunction with wind-tunnel studies to select the best design.

The tilt duct is another type VTOL aircraft under flight study by NASA

First Tests Completed on VZ-2

The VZ-2 is a two-propeller, tilt-wing VITOL aircraft with a shaft-
turbine engine, built for the Army and the Office of Naval Research.
Tested at Langley, the aircraft was found to be limited to very slow
rates of descent; at faster rates, the design of the airfoil, or wing, ap-
peared to give the VZ-2 a tendency to stall. To overcome this de-
ficiency a dropped “leading edge” was added to the airfoil. This de-
vice worked very well, increasing the usable rate of descent more than
enough for ordinary operations. The same arrangement should be ap-
plicable to other aircraft of this general type.

Wind-tunnel tests of a full-span, large-chord flap added to the wing
also gave good results. This arrangement not only relieved stalling
problems, but gave good means of directional control.
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Improving Helicopter Design

The Langley Research Center investigated effects of the fuselage
shape and external components (hubs, pylon, antennas, rotors, landing
gear) on the performance of helicopters. The study resulted from
U.S. Army needs for a helicopter with longer range and greater cruise
efficiency than those now in service. Research showed that the drag
of the fuselage and other parts consumed much of the total power of
the helicopter.

Data collected in wind-tunnel tests indicated that smoothing and
streamlining only the fuselage and the skid-type landing gear reduces
drag substantially. These findings are being applied to helicopters in
use at present and will help in design of future models.

Other Aeronautics Research

Variable Stability Airplane Prepared for Flight

The design, development, and installation of a three-axis, variable-
stability system in an F-100 airplane has been completed, the equip-
ment has been checked out, and the airplane has been turned over to the
NASA Flight Research Center. This gives NASA, for the first time,
three-axis variable stability in a modern high-performance airplane.

Paraglider Research

The paraglider is an extremely lightweight glider that can be pack-
aged much like a parachute. Such a device is under serious considera-
tion for recovering rocket boosters for reuse, making studies of the
space environment, delivering military weapons, and, possibly, re-
covering space capsules.

The Department of Defense is providing funds to construct test ve-
hicles of this type to investigate the use of the paraglider as a means
of arms mobility. NASA research support has included wind-tunnel
studies of the paraglider from low speed to Mach 4.65; stable, radio-
controlled glides of paragliders of 7- and 16-foot wingspans; and
stable, radio-controlled flights of model airplanes using the parawing
as the lifting surface.

Flight Safety

Water Pond Arresting Gear

In 1961, NASA expended much research effort on problems of flight
safety in civil aircraft operation. At the request of the Federal Avia-
tion Agency (FAA), an investigation was made of a method of stop-
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ping aircraft from -overrunning the end of the runway by use of a
shallow pond of water. The FAA request was based on the need to
develop a method of stopping turbojet planes when they are forced to
abort takeoff or when they overrun on landing as the result of brake
failure or other causes. The arresting gear desired would be such that
it would not require any substantial changes in, or appendages to, the
aircrait.

Tests were conducted by launching a scale model of a typical jet
transport into a pond whose depth could be changed readily. Landing
gear and flaps of scale strength on the model made it possible to assess
structural damage.

It was found that a water pond 3 feet deep will stop a jet airplane
within 1,000 feet at entry speeds of up to 115 m.p.h. At speeds below
58 m.p.h., the airplane would probably be virtually undamaged. At
higher speeds, with present-day landing gear and flaps, some damage
would occur.

Tire Designs for Safety

Another problem investigated at Langley during the year was the
poor braking ability of jet aircraft on wet runways. Tires reinforced
with fabric for longer life, used on jets, are unsatisfactory. They
have simple tread designs because of manufacturing difficulties with
the fabric material. These tread designs are satisfactory for pro-
peller-driven aircraft, which can use reverse thrust to help braking,
but jets have much less reverse thrust than prop-driven aircraft and
are thus more dependent on tires for braking.

Research at Langley showed that fabric-reinforced tires, with
simplified tread design, had, in some cases, only one-third the braking
efficiency at high speed of the tires of older design. Langley devel-
oped a design for a fabric-reinforced tread which is about equal in
braking efficiency to the older type. NASA made the results available
to aircraft tire manufacturers.

|nvestigotion of Effects of Slush on Runways

NASA scientists investigated the effects of slush on runways with
a specially-designed, 100,000-pound test car at Langley’s landing loads
track facility. Technologists found that one-half inch of slush
requires 1,000 feet of extra runway for the takeoff of a jet transport.
Another finding was that in a high-speed run, slush is thrown into
all openings on the aircraft, including jet engine inlets. It can dam-
age the vehicle and seriously interfere with safety of operation. This
information will be used by the Federal Aviation Agency in further
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studies to establish regulations for jet transport operation on runways
that are slushed over.

Ames Flight Simulator Put in Operation

The new Ames flight simulator capable of simulation in three
dimensions was placed in operation with the pilot “flying” this new
operational research tool for the first time on November 4,1960. In the
first research project, an analog computer was employed to simulate
the control power and damping requirements for hovering VTOL/
STOL aircraft. The new equipment made it possible to determine
the effect on the vehicle in flight when the pilot must cope with three
angular motions simultaneously.

In discussions of the test results at the conference on VTOL/STOL
problems held at Langley on November 17 and 18, 1960, pilots reacted
favorably to the smoothness and precision of the gimbal-drive system
of the new simulator. They disapproved the mechanical characteris-
tics of the cockpit controls, which can be changed to match the require-
ments of a variety of individual research programs.

Studies of Pilot Performance at Zero G

As part of the Ames Research Center’s broad research on the ability
of pilots to perform useful tasks under various forces of acceleration,
special equipment was developed and installed in an F-104B two-seat
supersonic airplane. The research will be conducted at the NASA
Flight Research Center, Edwards, Calif. In test flights, the pilot in
the front cockpit will fly the airplane on a straight parabolic course so
as to provide weightlessness or zero g for about 1 minute. During this
period the pilot in the rear cockpit will perform various assigned tasks.
The ability of the pilot to perform his tasks will be evaluated, and
various measurements of physiological condition (pulse rate, blood
pressure, etc.) will be recorded. For purposes of comparison, similar
evaluations and measurements will be made at other levels of accelera-
tion up to 3 g. This research information will be compared with re-
sults obtained in the X-15, Project Mercury, and other programs.
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CHAPTER 11

Space Activities Research

NASA Studies Space Flight Paths

With emphasis on earth-moon voyages, NASA’s research centers—
in cooperation with private industry and educational and research
institutions—have stepped up their studies of the myriad problems
involved in manned space travel. Representative investigations in-
clude navigation, guidance, and control; spacecraft rendezvous tech-
niques; launching from the surface of the moon to return to earth;
and determining the “corridors” for entering the earth’s atmosphere.

Underlying these theoretical studies—most of which are conducted
with the aid of flight simulators and giant computers—is the science
of “celestial mechanics,” which deals with the motions of two or more
bodies in space and the complex interrelationships of their gravita-
tional attractions.

Rendezvous and Trajectory Studies

A spacecraft’s trajectory or flight path determines how much fuel
will be required for the journey, the total weight that can be carried,
the acceleration or “g” forces the crew must undergo, and the amount
of radiation that will be encountered in space. Plotting a course for
a space voyage requires a far greater degree of precision than that
required for conventional navigation of ocean vessels or airplanes.
There is practically no room for error, even a slight miscalculation
can be fatal.

Consider, for example, a manned Apollo spacecraft returning to the
carth from the moon at 25,000 m.p.h. The vehicle must enter, with
utmost precision, an extremely narrow “corridor” through the outer
reaches of the earth’s atmosphere. If it comes in too high, the craft
may “skip off” and travel over a distant orbit before returning to
earth, if it returns at all. If too low, the spacecraft will strike the
dense lower part of the atmosphere much too soon, and runs the risk
of destruction by the intense heat that is generated.

The width of the “corridor” will vary according to such factors as
the amount of “lifting” surface on the spacecraft, the degree of guid-
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ance and control it possesses, and the amount of fuel it can carry to
apply retrograde, or breaking, thrust.

Studies of Mission Staging by Rendezvous—Mission staging by
rendezvous® has been the subject of concentrated investigation at
the Marshall Space Flight Center, the Jet Propulsion Laboratory,
and the Langley, Ames, and Lewis Research Centers. The work has
involved analytical and simulator studies of orbita] mechanics, and
control and guidance problems as applied to rendezvous.

The theory of orbital rendezvous is based upon principles of celes-
tial mechanics—for example, if two objects are launched into identical
orbits, they will circle the earth at the same speed, and with the same
perigee,” apogee,® and inclination * to the Equator. Theirs speeds rel-
ative to each other will be zero; hence, they can be maneuvered into
position and joined in orbit, in much the same way that one airplane
can refuel another in flight.

With rendezvous techniques it should be possible to carry out a
flight to the moon in a series of steps, using several relatively small
launch vehicles rather than the much larger one required for a “direct
ascent” method. However, many problems remain tobe resolved, both
in theory and practice. Some critical questions already under study
include launch timing, automatic and piloted guidance of the vehicles
to a rendezvous, orbital refueling, and attachment of self-contained
spacecraft units.

Rendezvous concepts that will be considered for the lunar mission
include, for example, rendezvous in earth orbit ; in lunar orbit (for the
return flight) ; after lift-off from the lunar surface; in both earth
and lunar orbit; and on the lunar surface.

Ames Studies Rendezvous Problems.—Ames Research Center is
carrying out theoretical studies of three possible methods of space
rendezvous: (1) “Salvo” launch, in which the spacecraft that are to
be brought together in space are fired simultaneously; (2) “sequential
intercept,” the firing of spacecraft toward rendezvous at different
times; and (3) “interorbital transfer,” or the maneuvering of one
spacecraft into the orbital plane of another.

Scientists tentatively conclude that the salvo method appears to
have payload advantages, in that it requires less fuel than other
methods to bring the spacecraft together; this system also presents
a relatively simple guidance and control problem.

Langley Completes Lunar Trajectories Study—Tangley Research
Center completed a study defining the characteristics of trajectories
for a manned spacecraft to circle the moon and return to earth. The

1 Bringing space vehicles to within 100 to 1,000 feet of each other while fn orbit.

2 Perigee—in an elliptical orbit, the point at which a satellite is closest to earth.

# Apogee—in an elliptical orbit, the point at which a satellite is farthest from earth.

4 Inclination—the angle between the plane of an earth satellite’s orbit and the plane of
the earth’s Equator.
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study defined such details as time of flight, distance of approach to
the moon, and “injection” energy ® for the families of trajectories
that will permit return to earth through an acceptable “entry
corridor.”

Two possible classes of circumlunar trajectories can be used for the
manned missions: direct-entry trajectories, which come back into the
atmosphere in ihe direction of the carth’s rotation; and retrograde-
entry trajectories, which come in from the opposite direction. Guid-
ance studies to define the accuracies required at injection into the
circumlunar trajectory, and the effects of making midcourse velocity
corrections at various points throughout the trajectory, show that the
retrograde entry path will be less sensitive to injection errors than
the direct entry path.

Langley Analyzes Lunar Navigation Studies—Langley Research
Center has been studying a manually controlled spacecraft naviga-
tion system for making lunar landings.

The navigation system is light in weight and simple to operate; it
consists of a timing device, a gunsightlike optical instrument, and a
doppler radar unit. The optical instrument, with a built-in grid sys-
tem, permits the operator to make visual estimations of distances and
directions. The general operation of the device is somewhat analo-
gous to that of a slide rule, although there is, of course, no physical
similarity.

Results with this system, which will weigh only 10 or 15 pounds,
are comparable in many respects to those obtained with automatic
systems weighing 100 to 200 pounds. The considerable savings in
weight in the payload is extremely important, because of the need for
many pounds of fuel in the booster for each pound of payload.

Using the above system, which has been built and tested in the
laboratory, the lunar landing procedure would be somewhat as
follows:

As the spacecraft approaches the moon, it is injected into the lunar
orbit at the relatively low altitude of 100,000 feet (about 18 miles)
above the lunar surface. From the orbiting spacecraft, a smaller
unit, manned by one or two of the three-man crew, detaches and
slows its speed by firing retrograde rockets. The unit then drops to
the lunar surface, touching down in a vertical position.

In the return maneuver, the unit blasts off vertically from the sur-
face of the moon until it reaches the 18,000-mile orbital altitude, at
which point it applies the necessary power and guidance to achieve
orbital velocity and rendezvous with the still-orbiting spacecraft.

The system described has a number of advantages, foremost among
which is a sizable reduction in the amount of propellant required for
the lunar lift-off; this, in turn, reduces the overall amount of weight

5 “Injection” energy—the power required to place a spacecraft in orbit.
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that must be put into an “escape” trajectory for the voyage back to
earth.

The lunar landing studies are continuing, with special emphasis on
the role of the pilot.

Interplanetary Navigation Studies at Langley—ILangley contin-
ued studying interplanetary navigation techniques, employing an
IBM 7090 digital computer. The program has the following objec-
tives: To provide basic information on several types of navigation
systems; to study inStrumentation requirements; and to explore ways
of improving the accuracy of the various so-called constants required
in interplanetary navigation.

The primary effort thus far has been on the navigation systems,
with interplanetary flicht divided into three phases:

(1) escape from the earth-moon system
(2) heliocentric® flight to the planet in question ; and
(3) flight in the vicinity of the planet.

The first phase requires guidance navigation for launch and helio-
centric injection. In a typical Earth-Mars flight, for example, the
first phase would end 575,000 miles from earth. The second phase,
which involves midcourse navigation, in our chosen example would
end about 360,000 miles from Mars. Guidance navigation in the
third phase of the flight depends upon the spacecraft’s mission, and
whether or not a landing is part of the plan.

The Langley midcourse navigation study investigated “fixed-arrival
time” and “variable-arrival time.” In the former, the first system
studied was a celestial mechanics concept known as “two-body” navi-
gation. This system is used to determine the velocity required to com-
plete the mission at some fixed date. It provides a useful standard
for evaluating and comparing other navigation guidance systems.
Using this form of guidance on a typical trip to Mars with arrival
scheduled in 220 days, it was found that 7 percent of the total space-
craft mass at the time of heliocentric injection would be the amount
of propellant required to make orbital corrections—that is, to make
required changes in course in order toland on Mars.

Further analysis of the two-body navigation equation indicated that
1t could also be employed to determine accurately the velocity of the
spacecraft, using “position” data—an important capability represent-
ing a solution to one of the more important problems of space naviga-
tion.

In addition, the two-body navigation equation makes it possible to
make all the mathematical determinations required to guide the space-
ship on a return to earth at any time during the interplanetary trip,

¢ “Sun-centered.” The spacecraft must be placed into a portion of a solar orbit en route
to the destination planet.
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and—since the equation can be solved without computers—it will
furnish the basis for an emergency manual “backup” system.

In the second part of the study, the “variable-arrival time” naviga-
tion system, a logic was derived that applies to all phases of space
flight, and selects its own orbit to target. This system is being pro-
gramed into the 7090 for the lunar mission.

The work on gnidance techniqnes has emphasized systems with
versatility, accuracy, simplicity, and efficiency, and has led to a num-
ber of promising concepts. Programs to be developed will emphasize
investigation of optimum instrumentation techniques, including stud-
ies already started to determine the effects of probable instrument
errors and corrective-thrust errors on the accuracy and efficiency of
proposed techniques.

Ames Attacks Entry Landing Problems.—An Ames study has indi-
cated that the range of a spacecraft’s flight after it has entered the
earth’s atmosphere can be varied widely, permitting considerably more
latitude in choosing landing points than was formerly thought pos-
sible. By designing the spacecraft with at least a moderate “lift-
drag” ratio, the range can be varied from a minimum of 1,000 miles to
a maximum of about 15,000 miles—more than half the distance around
the earth.

Materials Research

Ames Studies Ablative Heat Shields

The properties and performance of a number of ablative materials
for protecting spacecraft surfaces against the enormous heats gener-
ated during atmospheric entry have been determined in the Ames
atmosphere entry simulator for various conditions at entry speeds up
to 20,000 feet per second (14,600 m.p.h.) and satellite speeds up to
25,400 feet per second (18,000 m.p.h.).

Research is also being carried out on ablative materials in arc-heated
airstreams at lower heating rates to which some parts of entry ve-
hicles will be exposed during their descent. Preliminary results indi-
cate that Teflon plastic remains fully effective down to the lowest
heating rates of the tests, whereas the effectivenes of polyethylene
plastic appears to diminish, because at the lower rates it ablates in
liquid rather than gaseous form.

Investigation of Tungsten Characteristios—ILewis Research Center
is carrying on vigorous research with tungsten, which has one of the
highest melting points of any metal (about 6,150° F.), but is difficult
to work with because of its brittleness, or poor ductility. Research

7 Ablative materials include plastics, ceramics, cermets, etc., which are converted to

gases by aerodynamic heating; these gases dissipate much of the heat as they flow back
over the vehicle.
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has indicated that, at ordinary room temperatures, the bend ductility
of a test specimen of tungsten depends a great deal on its surface
conditions. For example, researchers found that when a thickness of
about 10 mils was electropolished from the outside surfaces of a
1g-inch diameter tungsten rod, the bend ductility increased as much
as sevenfold.

To gain a better understanding of the reasons for the improved duc-
tility after electropolishing an investigation was conducted in which
the temperature was determined at which recrystallized tungsten speci-
mens given various surface treatments made the transition from brit-
tleness to ductility.

For example, the brittle-to-ductile transition temperature of elec-
tropolished specimens was approximately 415° F.; specimens which
were surface ground, after electropolishing, to give an even smoother
finish (30 r.m.s.), had a transition temperature of 5° F. The transi-
tion temperature of specimens containing a single sharp notch (radius
0.0015’") was approximately 750° F.

The results of the investigation emphasized that the slightest
“notch” in the surface of the tungsten affects the ductility greatly, and
that the major benefit derived from electropolishing is apparently the
removal of surface scratches. Such scratches appear to have the effect
of concentrating stress and starting cracks in the surface. An ap-
preciation of the role of surface defects should be of considerable
assistance to fabricators who must produce complex shapes from this
difficult-to-form material.

Matetials for Passive Communication Satellites

A preliminary NASA study (American Astronautical Society Pre-
print No. 60—4) has shown that present construction of passive com-
munication satellite structures is relatively primitive. For example,
only 4 pounds of aluminum are required on a 100-foot sphere to re-

flect radio waves, but it takes more than 100 pounds of structural ma- -

terial to support or deploy the 4 pounds of reflecting material.

Scientists are searching for a material that will minimize the reflec-
tion of all electromagnetic radiation except that in the frequency range
of 1 to 10,000 megacycles per second (1 to 10 KMeps). Such a ma-
terial would reflect radio signals, but be “transparent” to light waves
in order to reduce the effects of solar pressure of sunlight on the orbit.
(The Echo I experiment indicated that the pressure of sunlight on
the 100-foot-diameter moon could, over a period of time, have an
enormous effect on the satellite’s orbit, pushing it downward by as
much asa mile a year or more.)
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In one approach, NASA scientists have tested materials consisting
of fine wire mesh in waveguides® to determine reflectivity at 3 to 10
KMecps. The wire mesh was bonded to several transparent materi-
als—including Teslar and Mylar films—to permit inflation and erec-
tion of the satellite. Exposure of these films to proton particle
radiation equivalent to 1 year of exposure in the inner Van Allen
radiation region did not cause any ioss of transparency. Meihods
of erecting metallic mesh with the additional weight of plastic film
are under study.

Impact of High-Speed Particles on Structures—Research on this
subject at Ames is being conducted with the aid of a Beckman-Whitly
camera capable of making motion pictures with good resolution and
clarity at rates of up to 1 million frames per second. Useful pictures
have been obtained of a glass projectile traveling at speeds up to 20,-
000 feet per second (14,000 m.p.h.) and puncturing two aluminum
sheets that have been spaced about 1 inch apart.

Picture quality is good enough to permit estimation of the speed
of the particles produced by the impact ; it also gives a qualitative idea
of how completely the projectile is broken up. When initial im-
pact is at relatively low rates, projectile particles may be seen to travel
in a fairly compact group, clear through to impact against the second
sheet. On the other hand, at higher speeds, the initial impact appears
to be much more destructive to the projectile, and the particles travel-
ing through to the second sheet are finer, and dispersed over a much
larger area.

Sfrucfures Research

Flutter of Skin Panels

The increasing incidence of flutter ® of the outer skin panels of hy-
personic and entry vehicles has focused considerable attention on this
phenomenon.

Preventing this type of flutter, or reducing it to safe levels, has be-
come a significant factor in the design of several high-performance
vehicles such as the X-15 experimental airplane, the Mercury capsule,
and the Dyna-Soar vehicle.

Current theoretical methods for predicting panel flutter are inade-
quate; however, large test facilities are now available in which prob-
lems of panel flutter may be investigated experimentally.

8 Tubelike devices for conducting very-high-frequency electromagnetic energy from one
point to another.

® “Flutter”—a rapid, irregular vibration produced by interaction of structural quali-
ties—flexibility or rigidity—with weight distribution and aerodynamic forces.
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At Langley, for example, many different types of panels have been
tested and the results have been correlated and published (NASA
TN D-451). The correlation shows—in terms of flight conditions
(speed and altitude) and of panel size, shape, and stiffness—the point
or boundary at which flutter starts. Other factors, however, such as
pressure differences across the panel, the methods used to support the
panel edges, and the effects of aerodynamic heating, must be con-
sidered separately.

The effects of aerodynamic heating on pane] flutter have been in-
vestigated in the 9- by 6-foot thermal structures tunnel, using both
general research panels and panels used in specific flight vehicles.
(Among the latter were several panels and a vertical tail section from
the X-15 experimental airplane.)

It has been shown that aerodynamic heating can cause a panel to
become unstable and start to flutter; however, additional heating
sometimes has the effect of eventually stopping flutter. Thus, the
flight conditions at which flutter will occur depend strongly upon the
level and duration of the aerodynamic heating encountered. Investi-
gation of these phenomena is continuing, and the fundamental in-
formation obtained should aid in the design of safe, efficient outer skin
panels for launch and entry vehicles.

In related experiments, a full-size quarter scgment of the Centaur
jettisonable 1° plastic heat shield was subjected to a series of tests,
completed on December 16, 1960, which indicated that the proposed
design should survive the conditions encountered during a Centaur
launch.

Evaluation of Structural Panels.—One approach to the structural
design of hypersonic aircraft consists of blocking off some of the
severe aerodynamic heat with a heat shield and a layer of insulation,
and then absorbing whatever heat that finds its way into the struc-
ture in (boiling) water. In this scheme, a system of “plumbing”
is required to distribute the water coolant to the heated areas in the
proper amounts to soak up the incoming heat. Since separate plumb-
ing systems are ordinarily quite heavy, some means must be devised
of keeping down the overall weight. One way of accomplishing this
is to build a dual-purpose structure in which the plumbing system
doubles as reinforcement to the load-carrying system, or the load-
carrying system is internally designed to circulate the water through
its structure without separate piping.

The Bell Aerosystems Co., of Buffalo, N.Y., has worked extensively
with this latter scheme, and has developed so-called tubed sheet
which consists of a sheet of structural material with a pattern of in-
ternal passageways In which a coolant under pressure can be circu-
lated. The passageways are constructed on one side of the sheet,

10 Designed to be dropped off or jettisoned once its purpose has been served.
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leaving a plane surface on the other side to which stringers or stiffen-
ing members can be readily attached. Hence, tubed sheet can be
used as the structural skin in an otherwise conventional arrangement.

Langley has completed tests of several types of panels constructed
with tubed sheet. Fourteen shear panels and eight compression panels
tested were of an alternate design in which the coolant passageways
sheet to permit direct comparison of the two types of construction.

During the tests the coolant passages were pressurized, the load
was applied, and measurements were made of the coolant flow and the
deformation of the panels. The tests showed that the skin buckling
was delayed somewhat by the presence of the coolant passageways,
but that the maximum load the panels could support was essentially
unchanged, with or without the passageways. When skin buckling
became fairly severe, or at high loads, coolant flow was somewhat
diminished; at the ultimate load, in the case of the shear panels, the
flow was reduced to approximately half that present at the beginning
of the test. It should be noted that the tests were under conditions
considerably more severe than those that will be encountered under
normal flight conditions. Hence, the panels would not ordinarily
buckle in regular usage, and the coolant flow would accordingly not
be reduced.

Detailed Wind Shear* Measurements

As launch vehicles become larger and larger, problems of atmos-
pheric pressure effects grow constantly. In particular, the dynamic
loadings resulting from the wind shears encountered at altitudes up
through the region of maximum dynamic pressure, or “g,” during
launch can be extremely serious.

Available balloon-sounding data yield only a rough picture of
the wind structure and are inadequate for detailed calculations of
launch-vehicle response. A technique utilizing photogrammetric
measurements of successive positions of the smoke or exhaust trail
of an ascending launch vehicle has been developed by Langley as a
means of obtaining a detailed and accurate wind profile over the
needed altitude range.

The results obtained to date from tests at Wallops Station indicate
that the wind field along a launch-vehicle trajectory is a random type
of disturbance, with shear layers only 300 to 400 feet thick embedded
in the previously recognized larger scale wind changes. A program
is now underway to obtain a number of these measurements from
firings at Wallops Station, and to extend this work to the Cape
Canaveral area.

1 High-altitude air currents moving in the same or different direction(s) at varying
speeds.
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CHAPTER 12

Special Research Projects

Two Research Aircraft

X-15 and Dyna-Soar are the latest in a line of research aircraft
which will span the flight range between supersonic and orbital
velocities.

The rocket-powered X-15, with its 57,000-pound-thrust XIL.R-99
engine, is designed for speeds up to 4,000 m.p.h., altitudes up to 50
miles. The rocket-launched Dyna-Soar glider will be capable of
soaring completely around the world at orbital velocities and altitudes.
Like the X-15, Dyna-Soar will be capable of a degree of maneuvera-
bility in the fringes of the atmosphere and on reentry; it will also be
able to land at conventional speeds of about 200 m.p.h. (Dyna-Soar
is a contraction of the term dynamic soaring; that is, a method of
flight employing both centrifugal force and aerodynamie lift.)

The X-15 is a joint Air Force-NASA-Navy project; Dyna-Soar is
an Air Force program with NASA technical support.

This chapter outlines overall progress in the X-15 and Dyna-Soar

projects.
The X-15 Research Airplane

The X-15 is sheathed in heat-treated Inconel X-nickel alloy to
resist the 1,200° temperatures encountered at high speeds. A thin
coat of black paint helps radiate heat as the aircraft reenters the
atmosphere. Empty, the X-15 weighs 614 tons; loaded with fuel,
it weighs 15 tons.

During the report period, the X-15 repeatedly established new
world speed and altitude records. As of June 30, 1961, the records
stood as follows: 169,600 feet (32.12 miles) altitude, set on March 30,
and 3,603 m.p.h. or Mach 5.3 set on June 23. Tts pilots and its instru-
ments also compiled masses of scientific and engineering data.

In each test, the flight routine is roughly the same. Suspended
beneath the right wing of its B-52 mother ship, the X-15 is carried up
from Edwards Air Force Base, Calif., to an altitude of about 45,000
feet over a 485-mile-long by 50-mile-wide flight range between
Edwards Air Force Base and Wendover Air Force Base, Utah. The
B-52 drop-launches the X-15 on a heading for Edwards.

The X-15 pilot then ignites the rocket engine, and the aircraft heads
upward in an arcing flight path. After the rocket engine cuts off, the
aireraft coasts to peak altitude. The pilot then glides back to a skid
landing on Rogers Dry Lake bed near Edwards. The flight range
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NASA test pilot Joe Walker and the X-15

(called high range) is dotted with dry lake beds which serve as emer-
gency landing fields. The range is monitored by stations at Wend-
over; Ely and Beatty, Nev.; and Edwards.

The objective of the X-15 program is to derive research informa-
tion in flight at supersonic and hypersonic (faster than Mach 5) speeds
in a space environment. Subjects for investigation include atmos-
pheric exit and entry techniques, aerodynamic heating, navigation,
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landing, man’s control handling capability, and his physiological
reactions. The knowledge gained will be used in the design of future
high-speed, high-altitude operational aircraft.

North American Aviation, Inc., Los Angeles, Calif., was the prime
contractor.

u--? : e o i B
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An X-15 landing sequence—smoke bombs on the dry lakebed guide the pilot in landing

X-15 No. 2 Research Airplane

New X LR-99 Engine Flight Tested.—On November 15,1960, North
American Aviation test pilot Scott Crossfield made the first test
flight with the new 57,000-pound-thrust XLLR-99 engine. After an
air-launch from the B-52 mother ship over Edwards, Crossfield took
X-15 No. 2 to a speed of nearly 2,000 m.p.h. and an altitude of about
80,000 feet.

Restarted in Flight—In a second flight on November 23, Crossfield
stopped the XLR-99 engine in flight for 15 seconds, then started it
again. After restarting, he gave the engine full throttle for the first
time, achieving a speed of 1,700 m.p.h. (Mach 2.5) at 62,000 feet
altitude.

During a third test flight on December 6 the engine was stopped
and restarted two times. The test was the last of a series made by the
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contractor before turning X-15 No. 2 over to the Air Force and NASA
on February 8, 1961.

Nets New Speed Record—In the first flight to explore fully the
characteristics and operating capability of the airplane, Maj. Robert
M. White, USAF, piloted X-15 No. 2 to a new unofficial speed record
of 2,905 m.p.h. on March 7, 1961. Released from the B-52 at 45,000
feet, the X-15 climbed to 76,000 feet. attaining the record speed at
engine shutdown after 2 minutes 6 seconds of powered flight at
50-percent thrust. Portions of the X-15 were subjected to tempera-
tures of nearly 675° F. (still well under the maximum design tem-
perature 1200° F.). A liquid-nitrogen cooling system kept White’s
pressurized suit at a comfortable temperature.

Altitude Record Set—On March 30, 1961, NASA research pilot
Joseph A. Walker achieved a new unofficial record altitude for manned
aireraft. After drop-launch, Walker held the X-15 in a 35° climb at
three-quarters throttle for 79 seconds. He reached an altitude of
109,750 feet and a peak speed of 2,756 m.p.h. before cutting off the
engine. The X-15 coasted for 60 seconds more to an altitude of
169,600 feet (32.12 miles). For about two minutes, Walker was
weightless.

Space Controls Used.—At the apex of the flight, Walker found that
his space controls—hydrogen peroxide jets in the nose and wings—
could be used to orient the airplane along the ballistic track. Because
the X-15 was above 99.97 percent of the earth’s atmosphere, the
effectiveness of the wing and tail aerodynamic control surfaces was
greatly reduced.

Awtopilot Caused Buffeting—During the descent, the X-15 buffeted
violently, but the vibrations, which Walker later said were the most
violent he had ever felt, subsided in a few seconds. The vibrations
were subsequently traced to the stability augmentation system, an
autopilot device that aids in controlling the aircraft. The parts of
the system responsible for the buffeting were replaced with improved
components.

Speed Record Broken Repeatedly.—On the third powered flight
with the Thiokol Reaction Motors XI.R-99 engine on April 21, Major
White piloted X-15 No. 2 to a speed of 3,074 m.p.h. (Mach 4.6).

After the X-15 was drop-launched at 45,000 feet, its rocket engine
cut off. The airplane fell to 37,000 feet in the 30 seconds it took to
restart the engine.

After 67 seconds of flight at full 57,000 pounds thrust, the X-15
climbed to 80,000 feet, setting the new speed record at that altitude.
Momentum carried the airplane to 103,000 feet, where White experi-
enced weightlessness for about 1 minute.

During the coast-to-peak altitude, a leak caused cabin pressure to
fall, but Major White’s space suit compensated for the pressure loss.
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An X-I5 mission starts with takeoff from Edwards Air Force Base, Calif. The research air-
craft is carried under the right wing of the B-52

On May 25, NASA pilot Walker, using the full thrust of the XI.R—
99 engine, piloted the research aircraft to 3,307 m.p.h. (Mach 5) in 73
seconds of powered flight. Parts of the vehicle’s structure reached
temperatures up to 700° F.

On June 23, Major White flew the X-15 at 3,603 m.p.h. (Mach 5.3)
or 1 mile a second. The flight lasted 11 minutes—75 seconds of it at
full power—and the X-15 reached an altitude of about 100,000 feet.
The airplane encountered temperatures up to 830° F. during the flight,
and as it descended the heat of friction stripped away painted letter-
ing on the aircraft and charred the fuselage paint.

X-15 No. 1

New Nose Sensor Tested.—On December 9, 1960, NASA research
pilot Neil Armstrong made the first flight test of X-15 No. 1 with
a new sensor nose device developed by Northrop Corp., Beverly Hills,
Calif., under NASA contract. The aircraft was powered by a pair
of interim 8,000-pound-thrust Thiokol Reaction Motors engines.

Replacing the long, needlelike radio antenna used in all previous
X-15 flights, the new ball-shaped sensor nose is designed to sense the
angle of attack and sideslip when the aircraft is leaving or entering
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The X-15 with the new ball-shaped sensor nose

the upper atmosphere. Accurate sensing is necessary to prevent the
aircraft from reentering the atmospheric at too sharp an angle; if the
angle is not precise, friction at hypersonic speeds—up to 4,000 m.p.h.—
would burn up the plane.

Final Engine Installed—NASA and the Air Force returned X-15
No. 1 to the contractor in February 1961. North American installed
the final engine, the 57,000-pound thrust XLR-99, and delivered the
aircraft to NASA’s Flight Research Center at Edwards.

X-15 No. 3

Repairs Continued on Schedule—After being heavily damaged on
June 8, 1960, by the explosion of its XLLR-99 engine during ground
- testing, X-15 No. 3 is being rebuilt by North American at an estimated
cost of $4 million. The contractor is installing research equipment
and a “black box” control system different from that in X-15 Nos.
1 and 2. Delivery of the airplane to NASA and the Air Force is
expected in late 1961.
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Other X-15 Results and Objectives

Physiological Data Collected.—Studies of pilot reactions to condi-
tions encountered during X-15 flights—useful in establishing stand-
ards for pilots of high-performance aircraft—show that peak heart
and respiration rates occur at launch, burnout, and landing. The
heart and the respiration rates were found to vary widely among
pilots, but in all cases both rates decreased significantly on a pilot’s
second flight.

The X-15 is also being used to obtain aeromedical data on radia-
tion instrumentation. It carries radiation counters surrounded by
“tissue-equivalent material” and blocks of photographic emulsion.
NASA investigators can receive and interpret telemetered data from
the airborne instruments, and they can also use this information for
subsequent checking on data collected by recording instruments dur-
ing the flight.

Further research and evaluation of data collected earlier also con-
tinued in these major research areas: Flight control at very high
altitude, atmospheric exit and entry techniques, terminal guidance,
and landing-gear research.

Support of Dynq-Soar Progrcm

Rocket-Boosted Glider in Concept Stage

Two principal contractors and many associated contractors and
subcontractors are developing and producing Dyna-Soar. The Boeing
Co., Seattle, Wash., is contractor for design and production of the
rocket-boosted glider and for overall system integration; the Martin
Co., Baltimore, Md., is prime contractor for the modified Titan
boosters.

Under a 1958 agreement with the Air Force, NASA has been pro-
viding technical research assistance in all aspects of the Dyna-Soar
project. At NASA research centers, about 55 individuals have been
working on the project full time.

Stability and Control Investigated—The glider configuration was
defined and methods of refining it have been investigated. During
the report period, Langley and Ames Research Centers and the Jet
Propulsion Laboratory (JPL) made tests to refine the aerodynamic
stability and control characteristics at speeds up to Mach 18.

Also at Ames, measurements were made to determine the air pres-
sures on the glider and the effectiveness of the control surfaces at
transonic and supersonic speeds. Tests were also conducted to deter-
mine the air pressures on the complete launch vehicle—glider mounted
on Titan booster.
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Aerodynamic Heating Studies—At Langley and J PL, heat trans-
fer measurements made on the complete launch vehicle and on the
Dyna-Soar glider alone determined the heat loads and critical regions
of high aerodynamic heating. Tests on flutter characteristics begun
earlier at Langley and Ames were continued. In future testing,
the effects of added heat, simulating flight temperatures, will be
investigated.

Mockup Being Readied.—At the Boeing plant, work on the Dyna-
Soar mockup continued in preparation for a September 1961 inspec-
tion and evaluation.
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CHAPTER 13

Life Science Programs

Obiectives

NASA’s Office of Life Science Programs® has three major objec-
tives: (1) To support manned space flight; (2) to study the effects of
the space environment on living organisms, including a search to de-
termine whether life exists elsewhere in the universe; and (3) to in-
vestigate advanced concepts in biological science.

In support of these objectives, studies are under way to learn how
living organisms are affected by radiation, weightlessness, acceleration,
confinement, and numerous other stresses. In addition to launching
an extensive contractual program, NASA is stimulating and support-
ing work in these areas elsewhere in Government, and in educational
and Industrial organizations. The Agency has also organized a Life
Sciences Research Facility at Ames Research Center (Mountain View,
Calif.), and has instituted a postgraduate fellowship research program
there.

Support of Manned Space Flight

Extensive research and development contracts and grants in the life
sciences as related to manned space flight are outlined in the following
paragraphs, and listed in appendixes I and J of this report.

Radicbiology

Physical measurements of the Van Allen radiation regions and the
space beyond emphasize the need for (1) obtaining a better under-
standing of the effects of longterm, relatively low doses of ionizing
radiation, and (2) devising ways of protecting against this radiation.
Accordingly, NASA is sponsoring and conducting research into the
relation of simulated space radiation to survival, growth, performance,
and genetics of animals in ground-based experiments. Related work is
determining the effects of simulated cosmic radiation on whole body,
organs, and systems,

1 Divided after the report period into Bioscience Programs (Office of Space Sclences)
and Aerospace Medicine (Office of Manned Space Flight).
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Further, the Agency plans using a Scout or Delta launch vehicle
with a nose cone modified by the General Electric Co. to carry biologi-
cal material (Project BIOS?) into the lower Van Allen radiation
regions to an altitude of about 2,300 miles. The vehicle will be in a
condition of “near” weightlessness (about 0.01 g) for more than 55
minutes. Test forms to be carried will include : Spores of bread mold;
a microscopic organism normally found in the intestines that aids in
the digestive process; whole blood ; barley seeds; and grasshopper em-
bryos—all to be used in studying the genetic and lethal effects of
ionizing radiation.

Other work will be aimed at learning more about the interaction of
ionizing radiation and (by means of laboratory simulation) combined
stresses of space flight such as acceleration, temperature, lowered at-
mospheric pressure, and fatigue.

Investigations are being planned with the aim of devising means of
shielding the astronaut against harmful doses of radiation. At the
same time, instruments are being designed to measure levels of ex-
posure by testing living biological specimens that have been subjected
to such radiation.

Metabolism

When men or animals are confined to the restricted environment of
a space capsule, many of their life processes may be profoundly
affected. For this reason, NASA is sponsoring the following research
into various artificially-induced changes in living cells and entire
organisms, as well as alterations in vital processes and activities:

... The influence of simulated weightlessness and other space-flight
conditions on human beings and animals.

... Studies into lowering the temperature of the human body from
a normal 98.6° F. to between 68° and 82° F. for a long period of sus-
pended animation; also, related research into hibernation in animals
for protection against radiation injury, and to conserve food and
energy. (This “icebox” technique is now being used as anesthesia in
certain types of surgery.)

... The problems of nutrition, digestion, and excretion in long-term
isolation and confinement.

Circulatory System

Under investigation are the fundamental physical changes in animal
and man resulting from acceleration forces and weightlessness, and
the consequent redistribution of blood flow to the heart, lungs, brain,
and kidneys. (The “blackouts” experienced by jet pilots when acceler-

2 Project BIOS is further reviewed under “Biological Programs,” p. 135.
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ation forces reduced the normal delivery of blood to the brain are a
familiar example of this physiological hazard.)

The chronic effects that physical stresses have on vital organs, the
way the organs adapt to such stresses, as well as the long-term effects
of restricted movements on the circulatory and related systems need to
be understood by scientists. Accordingly, research in these areas now
includes studies of (1) blood flow during acceleration stress and par-
tially simulated weightlessness, (2) the adaptation of the circulatory
system to long-term immobilization, and (3) the effects on blood ves-
sels of the prolonged stresses of space travel.

Nervous System

During weightlessness, the inner ear and related organs of balance
and orientation may produce misleading or disturbing sensations. For
example, subjects experiencing subgravity while unrestrained have
frequently become nauseated or frankly scared.

Paralleling human reactions, mice have been less disturbed when
they had something to cling to. These reactions demonstrate a need
for greater knowledge of the stresses of simulated space flight on the
nervous system of whole organisms. Accordingly NASA’s scientists
are exploring—

(1) the effects of fatigue and other prolonged stresses on the
brain and nervous system;

(2) the response of delicate ear mechanisms, the eye, and the
sense of touch, as well as the astronaut’s adaptability to stresses,
including rotation and weightlessness;

(3) the use of special drugs to maintain the normal activities of
the nervous system in space flight ; and

(4) the response of the nervous system to alteration of the
night-day cycle.

Stress Tolerance and Protective Equipment

Research is underway into each stress factor, the combined stress
factors to be simulated later in earth-orbiting laboratories. These
studies should aid in protecting man against his stress-tolerance
limitations, by (1) placing control and instrument panel displays to
be read easily and providing adequate measurement of human per-
formance in space flight; (2) developing miniature telemetering
equipment and sensors to measure brain waves, blood pressure, etc.;
and (3) evaluating human tolerance to high- and low-grade, long-term
acceleration patterns.
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Musculoskeletal System

Animal and human musculoskeletal-system responses to the ac-
celeration forces of air and space flight are under investigation, as are
efficient restraint systems and contoured positioning and control de-
vices relating to man’s tolerance to and performance in space flight.
Regearch is also nnderway on the effects of acceleration and weight-
lessness on the musculoskeletal systems in periods of transition into
and out of the weightless state.

Psychological Reactions

The psychological reactions interrelated with motivation, vigilance,
anxiety, confinement, and social adjustment in general under space-
flight conditions are being scrutinized. For example, the “breakoft”
reactions of pilots of high-altitude aircraft who feel a false freedom
from earthbound ties are well known, as are the “raptures of the deep”
experienced by deep-sea divers.

Studies also enter into effects of isolation, confinement, social
deprivation, fatigue, and other stresses on the astronaut; psychologi-
cal interactions between members of small isolated groups in hazard-
ous situations, psychological aspects of motivation, vigilance, and
fatigue; and psychosocial problems associated with rapid advances
in science and technology.

“Man-Machine Integration’ and Instrumentation

Studies to insure “man-machine” compatibility in space vehicles
bear out previously announced findings that automatic controls and
instrumentation alone cannot successfully complete an advanced
manned space mission. A man is essential—to observe, analyze, and
make decisions when confronted with problems. He is flexible enough
to operate, correct, and maintain scientific instruments and equipment
as he must in flying an aireraft. However, improved physical sensors,
information displays,.and ground-control integration also contribute
to man’s increased effectiveness with remotely operating unmanned
vehicles; in devising sample collecting and analyzing devices for bio-
logical investigations, and in supporting experiments in the physical
sciences. Projectsin this area include—

(1) studies of animal and other biological sensory systems to
determine the possibility of designing instruments to work on the
same general principles;

(2) studies to determine the types of information needed to
operate remotely located manipulators; and

(8) experimental and theoretical research into man’s ability
to perform tasks of varying complexity by using remotely
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located equipment when information about the location and
status of such equipment is delayed over various periods of time.

Instrumentation, Displays and Control Systems.—To establish and
maintain an adequate man-machine relationship, the astronaut or the
crew must always be aware of the total situation, even in a vehicle that
is largely automatic. For this reason, continuous or repeated infor-
mation must be provided about the conditions of the spacecraft; data
must be supplied on time, velocity, distance, course, power, and fuel
supply. Such information must be immediate and reliable, with a
minimal possibility of introducing human error in reception and
interpretation.

Studies underway involve man’s capacity to build remotely con-
trolled space-vehicle systems and similar systems. Only by know-
Ing how an operator uses his hands and eyes, and by anticipating his
responses under the various stresses and strains unique to the space
environment, can scientists determine the physical rules and devise
the mathematical equations describing the transfer function of the
human operator.

Manmade Atmospheres—When man goes into space he will have
to carry his own atmosphere with him, including an adequate oxygen
supply. The manmade atmosphere must provide a tolerable living
area for a predetermined period of time. Carbon dioxide and other
noxious gases must be carefully controlled in the limited environment
of a space capsule. NASA is attempting to create through bicengi-
neering a private little world (that is, a closed ecological system) by
using a biological system such as algae to produce oxygen, food, and
water from the astronaut’s waste products.

Space Biology

Space biology is concerned with :

... Studying the effects of extraterrestrial environments on living
earth organisms,

... Determining whether any organic chemical life-supporting
compounds exist in extraterrestrial space or on the Moon, Mars, or
Venus.

... Developing means of remote identification and analysis of pos-
sible extraterrestrial life forms or even organic particulate matter; at
the same time preventing the extraterrestrial bodies from becoming
contaminated by organic chemicals or microbiological forms from the
earth through careful sterilization of spacecraft and components.

To carry out this program, NASA sponsors research and develop-
ment work with other Government agencies, educational institutions,
and industrial organizations. The Agency also conductsa flight pro-
gram and sponsors a Space Biology Institute at Florida State Uni-
versity (Tallahassee).
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Further, the National Academy of Sciences administers a fellow-
ship program for NASA designed to place junior and senior post-
doctoral scientists in NASA centers for research and training in the
space life sciences.

Space Biology Projects

Decontamination of Spacecraft—NASA is exploring: (1) Degree
of natural contamination of spacecraft components; (2) selection and
use of various sterilants; and (3) resistance of micro-organisms to the
space environment.

Analysis of Meteorites—Recent results from the biological analysis
of meteorites showed carbonaceous compounds, paraffinoid substances,
and slow-growing bacteria. As a preliminary to planetary landings
and infrared spectroscopic observations from high altitude platforms
and planetary orbiters, meteoritic analysis affords an excellent ap-
proach in studying extraterrestrial life.

Exotic Environment.—At present this work involves the effects of
zero magnetism, low atmospheric pressure, and various gases on
animals and plants.

Extraterrestrial Life—Among the theoretical studies of extrater-
restrial life are—

(1) development of models of primitive metabolic systems and
analysis of extinet metabolic analogs;

(2) the accumulation and collation of material on primitive
protoplasmic systems;

(3) conclusions regarding the nature of life forms beyond the
earth;and

(4) methods of detecting life based on nonterrestrial princi-
ples, and of low concentrations of life or organic material.

Experiments in Space Environmental Biology—NASA is explor-
ing the effects of the space environment on biological processes and
considering the use of space as a vast laboratory for studying funda-
mental biological phenomena. As preliminary steps, some ground-
based experiments are being conducted on two of the foremost barriers
to space travel—radiation and weightlessness. Experimental proto-
types of an earth-orbiting, recoverable biological satellite are planned.

Biological Systems in Space and Planetary Environments.—A bio-
physical research program of biological systems in the interplanetary
environment is composed of three main areas of study—

(1) the physical chemistry of the effects of weightlessness on
heat transfer and convection in fluid systems—at present limited
to ground-based control studies;

(2) capillary growth chambers for in-flight measurement of
cell proliferation under weightless conditions; and
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(3) space research studies with the flour beetle (Tribolium),
because of its unusual response to radiation and temperature
variations.

Instruments to Detect Extraterrestrial Life—NASA is attempting
to perfect instruments capable of detecting extraterrestrial life on
relatively nearby planets such as Mars. The design and development
of a high-resolution vidicon (T'V) microscope is an example.

Institute for Space Biology—The Institute for Space Biology
(Florida State University, Tallahassee) was established by NASA
to gather knowledge, generate new research, and review and solve
fundamental scientific problems in space biology. The Institute will
use biological systems to (1) measure space environmental effects, (2)
search for the prebiological basis of life, and (3) employ space in the
study of fundamental biological problems.

The laboratory is similar to those sponsored by the U.S. Atomic
Energy Commission on university campuses. The staff consists of
astronomers, biochemists, and experimental biologists, along with
geneticists and specialists in the fields of photosynthesis, radiobiology,
microbiology, astrobiology, and geochemistry.

Biological Programs

NASA’s biological space flight program is briefly reviewed below.

Project BIOS (Biological Investigations of Quter Space) will in-
volve trajectory flights into the lower Van Allen radiation belt to
measure the extent and intensity of radiation in initiating genetic
changes, and to observe the effects of near zero gravity on fertilization
and cell division.

A study of Project BIOS includes the use of sea urchin eggs and
sperm. The eggs will be fertilized with the sperm during the near-
weightless phase of the journey, to test the motility of sperm and cell
division. Laboratories in this project include the Goddard Space
Flight Center, Ames Research Center, Oak Ridge National Labora-
tory of the U.S. Atomic Energy Commission, and Florida State
University.

Another flight experiment will use infrared spectroscopy to detect
life-related compounds and study the composition of planetary at-
mospheres. The spectroscope will be carried by a balloon to a high
altitude and pointed toward the selected planet to determine if it has
an atmosphere and then to identify the organic constituents on the
planet. Similar data will be gathered on various types of terrain on
the Earth, for example, desert, green field, lava beds, etc.

Further studies are in progress to determine ways in which knowl-
edge gained through animal experiments in weightlessness, accelera-
tion, radiation, etc., may be of value in NASA flight programs to
reduce these hazards for flight crews.
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Project Mercury

Initiated in October 1958, as the Nation’s first venture into manned
space, Project Mercury is planned to determine man’s capacity to
adjust to the stresses of space and return to his normal environment.
To accomplish this scientific objective of orbiting and safely recover-
ing a manned spacecraft, the existing Redstone rocket—with certain
design modifications—was used in the May-July 1961 suborbiial
flights in the interests of speed, efficiency, and economy.

Mercury astronauts Shepard and Grissom while preparing for these
trajectory flights have provided biomedical information helpful for
further planning. Their training has also afforded insight into neces-
sary changes and additions to the physical conditioning procedures
for future astronauts.

Preparations for Suborbital Flights

A major area of preparation for Naval Commander Alan B.
Shepard, Jr.’s flight of May 5 concerned the biomedical readiness of
the astronaut and the testing of the life support systems. While the
astronauts were being trained, a parallel program using animals for
qualification of the support system was begun and carried through.
This program reached its culmination with the suborbital flight of
chimpanzee “Ham” on January 31, 1961. The chimpanzee bore the
flight stresses well and continued to perform on the psychoraotor
testing apparatus, except during the peak accelerations associated
with firing of the escape tower and reentry.

Shepard’s Flight

Commander Shepard’s biomedical preparation consisted of thorough
instruction in the physiology of the human body to help him under-
stand the effects of flight stresses and thereby enable him to report
better on these effects, and extensive testing and training in the dynam-
ics of the flight, with repetitive experiences under simulated flight
conditions.

The astronaut received exhaustive physical examinations before
and after the flight. A preflight examination showed him to be
relaxed, cheerful, and in good health, with all findings consistent with
those of previous examinations. Psychiatric examination indicated
he was alert and had abundant energy and enthusiasm.

Examinations on Grand Bahama Island several hours after recovery
produced the report that Shepard “. .. seemed quietly elated and
offered no complaints,” and that he ... felt calm and self-possessed.”

An excerpt from a portion of the official report of his post-flight
checkup follows : “He was more concerned about performing effectively
than about external dangers. He reported moderate apprehension
during the preflight period, which was consciously controlled by
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focusing his thoughts on technical details of his job. As a result, he
felt very little anxiety during the immediate prelaunch period. After
launch, he was preoccupied with his duties and felt concern only when
he fell behind in one of his tasks. There were no unusual sensations
regarding weightlessness, isolation, or separation from the earth.
Again no abnormalities of thought or impairment of intellectual func-
tions were noted.”

Post-flight medical examinations revealed no significant changes in
the astronaut’s physical condition as a result of the flight. Electro-
cardiogram, electroencephalogram, and chest X-rays were normal.
A number of changes were noted in body weight, temperature, respira-
tion rate, blood pressure, and pulse rate at rest and before and after
exercise. These were expected, and fell within normal ranges.

Shepard maintained a pulse rate of about 80 beats per minute dur-
ing the prelaunch countdown with brief rises to 90-95 during sig-
nificant spacecraft checkout events. Pulse rate rose to 108 about a
half minute before liftoff, was 126 at liftoff and reached a peak of
138 at the time of cutoff of the launch-vehicle engine and subsequent
separation of capsule and booster system. This elevated rate was
sustained for about 45 seconds. The pulse rate was erratic during
the weightless interval, falling to 108 just prior to reentry. A second
peak, of 132, occurred about 30 seconds after maximum reentry accel-
eration, and during descent the rate fluctuated between 130 and 108 per
minute.

The astronaut’s respiration rate remained generally between 15 and
20 breaths per minute during the prelaunch phase and reached a peak
of 40 per minute during the launch and powered phase of the flight.
This fell to 20 per minute near the end of the weightless period. It
rose again during reentry accelerations to a high of 30, and fluctuated
between 20 and 25 breaths per minute during the descent. Electro-
cardiogram traces showed no significant abnormalities throughout the
countdown and flight. Deep body temperatures varied from 99° F.
when Shepard first entered the capsule to 99.2° F. near the end of the
flight.

A report by NASA’s physicians concludes that—

(1) physiological responses were consistent with intact con-
scious performance during all phases of the flight ;

(2) physiological responses to 5 minutes of weightless flight
(interrupted by 23 seconds of retrofire) were uneventful;

(8) acceleration-weightlessness transition periods produced
physiological responses within the limits of intact function, and
the relative change in pulse rate in going from weightlessness to
reentry acceleration was comparable to that in going from one g
to reentry acceleration previously experienced on a human centri-
fuge; and

(4) special senses—vision, semicircular canal function, and
hearing—appeared intact throughout the flight.
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CHAPTER 14

Construction of Facilities

Expenditures

Between October 1, 1960 and June 30, 1961, NASA expenditures on
construction and equipment totaled $72,929,000 for the following prin-
cipal projects:

Ames Research Center, Mountain View, Calif.

Wind Tunnels in Operation

During the report period the 3.5-foot hypersonic wind tunnel and
the 12-inch hypersonic helium wind tunnel, noted in the Agency’s
fourth semiannual report to Congress, went into operation. The first
facility was constructed for an estimated $11 million ; the helium wind
tunnel for an estimated $1,585,000.

Hypervelocity Research Laboratory

This facility—completed at an estimated cost of $1,145,000—will
investigate the fundamental physical and chemical problems of hyper-
velocity flight and space operations and research.

An X-ray spectrometer, an electron paramagnetic spectrometer, an
electron microscope, and a mass spectrometer have been installed at
the laboratory. A shock tube is the only major part of the project
to be completed.

Flight Research Laboratory Modified

Electronic analog equipment and a three-degree-of-freedom motion
simulator were installed and put in operation during the reporting
period. A five-degree-of-freedom motion simulator and a centrifuge
were installed and shakedown operation of the centrifuge started.
A stationary transport-airplane flight simulator was also put into use.
Estimated cost for these modifications is $990,000.
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A new building to house a center for data processing and solving
complex theoretical problems neared completion and is scheduled for
occupancy in July 1961. Estimated cost is $2,305,000.

Mass Transfer Cooling and Aerodynamic Facility

In January 1961, NASA started construction of a wind tunnel
capable of simulating on models the heating rates and aerodynamic
buffeting experienced by spacecraft during steep entry into the at-
mosphere. The facility—expected to be in operation early in 1962—
will cost an estimated $4 million.

Centrifuge Facility Equipment

Ames contracted for additional electronic analog equipment, in
December 1960, at an estimated cost of $980,000.

Air-Removal System for Transonic Wind Tunnel

Larger models of aircraft can be tested at higher angles of attack
since an air-removal system for a 2-foot transonic wind tunnel was
built and installed. Estimated cost for the system is $437,000.

Flighf Research Center, Edwards, Calif.

Terminal Guidance and Data Facility

This facility—designed as a microwave link for transmitting X-15
flight data to the Flight Research Center—was about 90 percent
complete at the end of the report period. The microwave transmis-
sion system was in the checkout phase. Estimated cost of the re-
search facility is $1,425,000.

Jet Propulsion Laboratory, Pasadena, Calif.

Laboratory and Engineering Facilities

The plant services building, vehicle assembly building, guidance
laboratory annex, and an addition to the administrative services build-
ing were completed at a total cost of about $3 million. Three adjoin-
ing plots of land of about 70 acres were acquired at a cost of $400,000.
Work continued on an environmental test laboratory, a space simu-
lator, and an antenna range. Construction of the central engineering
building was begun.
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Langley Research Center, qupton, Va.

Hypersonic Continuous-Flow Facility

Construction continued on a continuous-flow, hypersonic tunnel,
operating at Mach 10 and 12 by means of two interchangeable nozzles;
completion iz scheduled for late 19681 The facility will ecost

$6,360,000.

Internal Flow Laboratory Improved

Work on improvements to increase storage pressure to 600 p.s.i. at
the tank farm of the Thermal Structures Laboratory continued during
the report period. Scheduled for completion late in 1961, this im-
provement will cost an estimated $808,000.

Hypersonic Physics Test Area

Several experimental facilities and units for storing high ex-
plosives, fuels, and oxidants to test materials and structural arrange-
ments for hypersonic flight rockets are about 85 percent completed.
They are expected to be finished early in 1962, at an estimated cost
of $2,045,000.

Data Reduction Center

Built and equipped during this reporting period (except for some
minor items), this 41,000-square-foot building houses all data reduc-
tion, processing, and analysis facilities. Estimated cost is $2,759,000.

Hypersonic Helium Blowdown Tunnel

A 22-inch blowdown tunnel able to duplicate the Mach 20 velocity
attained by missiles, satellites, and vehicles entering the atmosphere
from space has been completed except for a few minor items. Esti-
mated cost for the tunnel is $997,000. (A blowdown tunnel is a wind
tunnel where stored compressed air or other gas is allowed to expand
in a stream through a section in which models are placed.)

High-Temperature Wind Tunnel

Office and laboratory buildings for an 8-foot, high-temperature,
blowdown wind tunnel were completed. This tunnel will simulate
the aerodynamic heating and loading of hypersonic aircraft. Auxil-
iary buildings for this facility are scheduled for completion early in
fiscal year 1962. The project’s estimated cost is $10,041,000.
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Alterations to Thermal Structures Tunnel

Changes to improve the range and performance of this 9- by 6-foot
tunnel will include adding a 100-foot-long diffuser, altering heat-
barrier doors, improving the nozzle cooling system, and installing
isolation valves. These improvements will allow test models to be
subjected to less severe transonic flow conditions during startup and
shutdown. The work moved forward during the report period and
is expected to be completed early in 1962 at an estimated cost of
$430,000.

Noise Research Laboratory

Work continued on a gust tunnel being modified to a noise research
chamber. It will be used in making noise studies on materials and
rocket engine models. Scheduled to be in operation in late 1961, the
laboratory will cost an estimated $315,000.

High-Intensity-Noise Test Facility

A test cell is being modified to serve as a facility for research on the
effects of high-intensity noises on structures and equipment. Added
equipment includes a hot-air jet that will produce noise of random
spectrum at a level of 170 decibels, and a siren that will produce a
discrete frequency noise. The work is expected to be completed early
in 1962, at an estimated cost of $290,000.

Air Heater for Hypersonic Jet Facilities

Installation of an air heater system in the 20-inch jet facilities con-
tinued, with completion scheduled early in 1962. Improvements will
raise the air temperature from 1,050° F. to about 1,500° F. in the 20-
inch Mach 8.5 tunnel, and provide a vacuum vessel for the Mach 1.5,
4.5, and Mach 6 20-inch hypersonic jet facilities. This will be a
$355,000 project.

Hypersonic Aerothermal Dynamics Facility

Construction continued on helium and air hypersonic systems to
simulate environmental conditions encountered by vehicles entering
the earth’s atmosphere from orbital or space flights. Critical aero-
dyamic and structural problems that occur at the high-entry tempera-
tures and velocities will be studied in this facility, estimated to cost
$7,957,000.
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Dynamics Research Laboratory

Construction awards were made during this reporting period for a
vacuum sphere, a vacuum cylinder with acceleration-test machine,
vacuum pumping equipment, shakers, shock-testing machine, related
instrumentation, and a building to house a dynamics research lab-
oratory. This laboratory will be used to study the structural and
free-body dynamics of space vehicles and components under simuiated
flight conditions. The $4 million project, except for the vacuum
sphere, is scheduled for completion late in 1962.

Lewis Research Center, Cleveland, Ohio

Energy Conversion Laboratory

A laboratory for use in studying methods of converting energy to
power for space flight was being built and equipped; it will cost
$4,540,000.

Basic Materials Research Laboratory

The materials problems of space vehicles will be studied in a Jabora-
tory now under construction. The laboratory and equipment will cost
$4 million.

Space Power Generation Systems Research Facilities

A Space Radiator-Condenser Research Facility to investigate heat
rejection systems for turbogenerator and thermionic powerplants using
alkali liquid metals, and a Power Conversion Systems Research
Center to study power conversion systems, were being constructed at a
total cost of $1,050,000.

Goddard Space Flight Center, Greenbelt, Md.

The central flight control and range operations building (Building
No. 8) was completed at an approximate cost of $2.5 million. This
building houses equipment to collect and process data from NASA
tracking systems; it also provides laboratories for research and devel-
opment of tracking and telemetry system components.

Three connected buildings (central boiler and chilled water plant,
service shops and warehouse building, and an office building) were
completed in October 1960. The boiler plant will be able to service any
facilities added through fiscal year 1964.
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Goddard Space Flight Center, Greenbelt, Md.

Marshall Space F|ighf Center, Huntsville, Ala.

Static Test Facility

Design of the static test stand for the first stage of the advanced
Saturn vehicle was started ; the facility will include test stand, block-
house, instrumentation, and related equipment for a complete unit.
Contracts were let for excavation and for fabricating instruments.

Central Laboratory and Office

A $4.4 million, nine-story office building was designed. It will serve
as headquarters for the staff of MSFC and for various supporting ele-
ments.

Pressure Test Cell Building

In November 1960, work started on a building to house equipment
for pressure testing the Saturn booster and components. Scheduled
for completion by August 1961, the facility will replace present in-
stallations considered unsafe for required quality assurance tests.
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Assembly Building Addition

As reported in the fourth semiannual report to Congress, 76,600
square feet of floor area are being added to the missile assembly build-
ing to permit assembling several Saturns at a time. These additions,
costing about $2.5 million, are now 25 percent complete, with occu-
pancy scheduled for February 1962.

Other Projects

In May 1961, design was completed and a contract awarded for an
addition of 44,000 square feet to the engineering building. The addi-
tion—scheduled to be finished in June 1962—will cost about $1,137,000.

During the report period, design was completed and excavation
started on an addition of 110,000 square feet to the checkout building.
This work, costing $4,500,000, is 75 percent complete.

A 28-story, 310-foot gantry rises behind the blockhouse. This is one of two Saturn launch
sites under construction at Cape Canaveral
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Atlantic Missile Range, Cape Canaveradl, Fla.

Saturn Launch Facilities

Additional construction, modifications, and instrumentation at Cape
Canaveral will complete Saturn launch complex 34. These additions
costing $2,207,000 will facilitate any future modifications required.

In January 1961, the design was completed for an escape system to
enable personnel to leave the 30-story launch tower rapidly. Bids for
this emergency exit system exceeded allowed costs and were rejected.

A second completely independent Saturn launch complex (No. 37)
is under construction at the Atlantic Missile Range. Backing up
launch complex 34, the new facility will serve as an alternate in case
of destruction or modernization, and it will also allow increased
launching rates. Construction continued on the present phase of
complex 37, with completion scheduled for October 1962. Additional
phases in succeeding fiscal years will permit expansion of this complex
to launch the advanced Saturn. _

Final design of the special assembly building for Saturn was com-
pleted in June 1961. The building—scheduled for completion during
1962, at a cost of $1,625,000—will contain laboratory space and com-
plete checkout facilities for subassemblies and individual stages.

Centaur Launch Facilities

On March 1, 1961, Centaur launch complex 36 was activated at Cape
Canaveral and turned over to project management.

The complex consists of an improved Atlas launch stand with an
added liquid hydrogen facility to service the Centaur stage. The ele-
vated launch stand is approached by a sloping two-story-high ramp
with a water-cooled flame deflector beneath. The area below the
ramp provides space for an instrumentation room, equipment mezza-
nine, toolroom, and general utility areas.

Next to the launcher (on the launch stand) is a 70-foot-high um-
bilical mast, supporting service lines leading to the Centaur second
stage. Services include fuel, oxidizer, electrical and pneumatic power,
instrumentation, control, and air-conditioning connections. Two hy-
draulically operated umbilical booms are fitted to support and retract
Centaur disconnects.

The service tower is 173 feet high, with a 40- by 70-foot base; it con-
tains retractable work platforms and two hoists—a 32-ton hoist at a
lower level for erecting the booster, and a 20-ton hoist at the top for
erecting the second stage and spacecraft. The entire self-propelled
structure moves back 300 feet before lift-off.
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The blockhouse, a heavily reinforced concrete structure 800 feet
from the launch stand, has a wall which varies in thickness from 12
feet at the base to 5 feet at the peak of the dome.

Storage capacity for 38,000 gallons of liquid oxygen is provided in
two vacuum-jacketed tanks, together with associated pumping and
transfer equipment; a first-stage fuel (kerosene) tank has a 14,500-
callan nananiéxr
gallon capacity.

Additional storage and transfer capacities are provided for 28,000
gallons of liquid hydrogen, 30,000 gallons of liquid nitrogen, 700 cubic
feet of high-pressure gaseous helium, and 700 cubic feet of high-pres-
sure gaseous nitrogen.

Woallops Station, Va.

Long-Range Radar

In June 1961, the long-range S-band radar (2,500-megacycle range)
began operating. The facility—costing an estimated $2,250,000—will
track final and near-final stages of rockets as small as 6 feet long and
only several inches in diameter.

TIROS Read-Out Station

During this report period, Wallops Station replaced the Army’s
installation at Fort Monmouth, N.J., as the prime east-coast read-out
station for tracking TIROS weather satellites.

Two medium-gain auto-track antennas for data acquisition, an auto-
track system for the high-gain antenna manufactured by General
Bronze Electronics Corp., Garden City, N.Y., a new 108-me. acquisi-
tion antenna, along with the RCA ground station, were completed to
permit this replacement. Estimated cost for the read-out station, in-
cluding the antenna system, is $725,000.
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CHAPTER 15

International Programs

Worldwide Cooperation

The National Aeronautics and Space Act of 1958, which established
NASA, stipulated that the fruits of the new agency’s research and
development would be made available to other nations “for the ben-
efit of all mankind.” The Office of International Programs, in co-
operation with the U.S. Department of State, carries out this require-
ment in a variety of ways—through cooperative space projects; op-
erations support activities; international fellowships and training;
and participation in international space science and technology meet-
ings.

Tracking Network Negotiations

Agreements Signed for Tracking Stations

The United States and the United Kingdom signed formal agree-
ments for the establishment of three Project Mercury tracking and
data-acquisition stations—on the islands of Zanzibar (October 14,
1960), Bermuda (March 15, 1961), and Canton (April 6, 1961)—and
one Minitrack station at Winkfield, England (January 20, 1961).

The Governments of Nigeria and the United States signed a formal
agreement for the establishment of a Project Mercury station at Kano,
Nigeria (October 19, 1960). Agreements for all other NASA track-
ing stations were signed before the period covered by this report.

Mercury Tracking Stations Dedicated.—Project Mercury tracking
stations were dedicated at Woomera and Perth, Australia; Guaymas,
Mexico; Bermuda; and Kano, Nigeria, during the report period.

Interagency Tracking Arrangement

An interagency arrangement was reached in December 1960 be-
tween NASA and the Radio Research Laboratories (RRL) of the
Japanese Ministry of Communications. Under the terms of this
agreement, RRL will retain and use NASA telemetry equipment at
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Toyokawa, Japan, subject to priority requirements of NASA. The
equipment had originally been provided by NASA in connection with
a research grant for RRL to acquire data from the Explorer VII
satellite. RRL completed their work on this project in November
1961.

N . IAYY] [aY o o, ..
eaicarion or yyoomera weep-opdace orarion

On February 10, 1961, Dr. Hugh L. Dryden, NASA Deputy Ad-
ministrator, communicated via the moon with the Honorable Alan
Hulme, Australian Minister of Supply, as part of the dedication cere-
monies for the newly completed deep-space tracking station at
Woomera, Australia. Dr. Dryden telephoned from Washington,
D.C,, to the deep-space tracking station at Goldstone, Calif., which
relayed his message by radio to the moon. The reflected signals were
then received by the Woomera Station, about 8,000 miles from Gold-
stone. (“Moon Bounce” messages have been transmitted before, but
never between such widely separated points.)

Person nel EXCI’\GI’ISQS

NASA facilities were visited by 518 foreign nationals during the
report period. Among the visitors were a Japanese space science sur-
vey team ; the Chairman and representatives of the French Committee
on Space Research; a special mission from Canada interested in
meteorology and communications satellites; and members of space
research committees (or of groups interested in space research) from
Italy, Sweden, Denmark, the United Arab Republic, Argentina, and
West Germany.

Sir Harrie Massey, President of the European Preparatory Com-
mission on Space Research, also visited NASA.

Nationals from Japan, Norway, and Sweden participated in work-
study programs at NASA installations during this time, and arrange-
ments were made for nationals from Italy.

Nationals from the United Kingdom, Italy, China, India, Japan,
West Germany, Switzerland, Pakistan, Turkey, Sweden, and Israel
initiated or continued research at NASA facilities under the NASA
postdoctoral research associateship program.

Arrangements were made for a number of outstanding astronomers
and astrophysicists to visit NASA centers for discussions with the
staffs in connection with the General Assembly of the International
Astronomical Union. The major observatories and institutes of
Australia, Belgium, Canada, France, Greece, the Netherlands, Japan,
Switzerland, West Germany, and the United Kingdom are repre-
sented by this group of special visitors.
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Special groups of scientific-technical personnel from Canada and
the United Kingdom were accredited for intermittent visits to NASA
facilities in connection with cooperative programs.

Seven Canadians, who will be among those to operate the NASA
Minitrack station under construction at St. John’s, Newfoundland,
began training in October 1960 at NASA’s Fort Myers, Fla., Mini-
track station. NASA also conducted on-the-job training courses for
foreign nationals at Minitrack stations in Antofagasta and Santiago.
Chile; Quito, Ecuador; and Lima, Peru.

International Fellowships Program

Arrangements were begun for a new NASA international fellow-
ships program. Under its provisions, foreign graduate students
from a number of countries would take part in study and research
programs at U.S. universities, on a shared-cost basis. Pilot programs
are being arranged at the University of Chicago, the State University
of Iowa, the University of Minnesota, the University of Wisconsin,
Columbia University, and the University of Colorado.

The full program, which involves major U.S. universities offering
the space sciences in their curriculums, will be able to accommodate
about 100 students, and is scheduled to start in 1962.

Technical Discussions and Scientific Conferences

A total of 375 NASA scientists and U.S. officials participated in
technical discussions and scientific conferences abroad, and in manag-
ing NASA overseas operations. In addition, NASA personnel
participated in the International Committee on Space Research
(COSPAR) in Florence, Italy,in April 1961.

Technical Information

In March 1961, NASA distributed Technical Report R-97, “Con-
siderations Affecting Satellite and Space Probe Research With
Emphasis on the Scout as Launch Vehicle.” The report, which de-
scribes the facilities, supporting services, and organization needed for
scientific space programs employing the Scout launch vehicle, is
intended “as a guide and aid for scientists and engineers of all coun-
tries who are interested in space research” in cooperation with NASA.

In October 1960, NASA distributed—through COSPAR—a de-
scription of the Explorer VIII satellite experiment (launched
November 3, 1960) to foreign scientists interested in ionospheric
research.
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Educational Materials Program

A pamphlet and a 15-minute color film, explaining Project Mercury
in lay terms for those countries in which Project Mercury ground
stations are located, were prepared and distributed. Besides versions
in English, Spanish, Hausa, and Swahili, translations into other lan-
guages were planned.

Cooperative Projects
TIROS Il Weather Satellite

Weather services of 18 nations responded to joint invitations from
NASA and the U.S. Weather Bureau to participate in observations
concurrent with those of the TIROS II experimental meteorological
satellite launched on November 23, 1960. NASA provided orbital
information to the foreign weather services so that they could conduct
ground-based weather observations synchronized with satellite passes.
The program was curtailed because of technical difficulties with the
satellite. (See ch. 38.) A similar program is planned for future
weather satellites.

Communications Satellites

In March 1961, Great Britain and France each entered a coopera-
tive program with NASA for transatlantic testing of experimental
communications satellites. FEach Government plans to build a
ground station on its own territory, at its own expense, for transmit-
ting and receiving transatlantic telegraph, telephone, and television
signals, as well as other types of transmissions relayed by NASA
satellites.

The stations will be employed in NASA’s Project Relay, a low-
altitude active repeater satellite scheduled for 1962, and Project
Rebound, multiple rigidized passive reflector satellites somewhat simi-
lar to Echo, which are set for 1963.

Other nations have also indicated an interest in participating in
this program, and discussions are underway.

Argentina

A memorandum of understanding between NASA and the Argen-
tine Space Commission was signed in June 1961, providing for future
cooperation and familiarization in space research—specifically, by
using small sounding rockets to extend Argentine research programs
in meteorology, cosmic-ray detection, and ionospheric physics.
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Australia

Arrangements were made to conduct a sounding rocket survey of
ultraviolet radiation in the Southern Hemisphere skies in the fall
of 1961. This will be a joint program of NASA and the Australian
Ministry of Supply. NASA has arranged with the United Kingdom
for the purchase of four British-made Skylark rockets for the pro-
gram. The rockets will be launched at Woomera, Australia,

Canada

In June 1961, components of the “topside sounder” satellite (de-
signed, instrumented, fabricated, and financed by the Canadian De-
fence Research Board) were tested in sounding rockets at Wallops
Station, Va.

The satellite is scheduled for launch in 1962 by a U.S. Thor-Agena
B vehicle; it will complement NASA satellite and sounding rocket
studies of the ionosphere.

France

NASA and the French Committee on Space Research signed a
memorandum of understanding in March 1961 contemplating space
science cooperation along the following lines: The French plan to
prepare proposals for very-low-frequency, aurora, airglow, and bio-
logical experiments. These will be prepared as appropriate for pre-
liminary sounding rocket tests in the United States, and subsequent
satellite launchings, possibly in 1963 or 1964.

NASA will assist France in planning a scientific sounding rocket
facility on the south coast of Brittany. French scientists will be
trained at NASA installations.

Italy

ap

In January 1961, and again in April, the Ttalian Space Committee,
in a cooperative program with NASA, launched scientific sounding
rockets from Sardinia for studying winds in the upper atmosphere.
The Nike-Cajun rockets climbed to about 100 miles, emitting sodium-
vapor clouds which were studied optically. The April firings were
coordinated with similar firings by NASA from Wallops Station, Va.
(See chap. 4.)

Norway

NASA is cooperating with the Norwegian Space Committes in set-
ting up a sounding rocket program directed at ionospheric research
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by (1) supporting Norway in the procurement of Nike rockets, (2)
providing an appropriate sounding rocket launcher, and (3) provid-
ing technical assistance during the launchings.

Sweden

NASA will supply Arcas sounding rockets, and the Swedish Com-
mittee on Space Research will supply payloads for a cooperative pro-
gram of scientific studies of noctilucent clouds in the upper
atmosphere.

United Kingdom

During the report period, the United Kingdom and the United
States carried forward a cooperative scientific program, thus far
involving two earth satellites to be instrumented by the United King-
dom and launched by NASA.

The first, scheduled for 1962, will be a sphere, 2 feet in diameter,
with four solar-cell paddles to generate power from sunlight. It will
contain instruments to collect data on electron density, ion mass, and
cosmic rays.

In March 1961, NASA and the United Kingdom agreed on the fol-
lowing experiments for the second United Kingdom satellite, sched-
uled for launch in 1963: (1) Galactic noise (natural radio signals
emitted by the stars); (2) ozone in the atmosphere; and (3) micro-
meteoroid measurements.

The International Conference on Peaceful Uses of Quter
Spqce

U.N. Decision Still Pending

A decision by the United Nations on a date and site for an Inter-
national Conference on the Peaceful Uses of Outer Space is still pend-
ing. In the meantime, personnel in NASA’s Office for the United
Nations Conference (OUNC)* made preliminary plans.

1 After the report period ended, the OUNC was closed, and its missions were assumed
by the Office of International Programs and the Office of Technical Information and Edu-
cation. The Office of International Programs is responsible for NASA interest in the
Conference, and for liaison with other Government agencies.
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CHAPTER 16

Organizational Development

Organizationdl Changes in Field

Space Task Group

As a result of rapidly increasing activity in manned space flight,
the Space Task Group (STG), Hampton, Va., was established on
January 3, 1961, as a separate field installation reporting directly to
the Office of Space Flight Programs in NASA Headquarters, Wash-
ington, D.C. Previously, STG had been an organizational unit of the
Goddard Space Flight Center, Greenbelt, Md.

STG develops design criteria for manned space-vehicle systems,
supervises manned space-flight operations, and interprets and reports
the results of these flights. It manages the Mercury and Apollo
manned space-flight programs.

Life Sciences Research Laboratory

On February, 1961, NASA established a Life Sciences Research
Laboratory at Ames Research Center, Mountain View, Calif. The
Laboratory will provide leadership and coordination of life sciences
research conducted for NASA by other Government agencies and by
industry and universities. It will engage in research on biological

and medical aspects of space flight, and on possible extraterrestrial
life.

Test Support Office

The NASA Test Support Office, Pacific Missile Range (PMR),
was established in November 1960, at Point Mugu, Calif. An organ-
izational element of the Launch Operations Directorate, Cape Canav-
eral, Fla., the Test Support Office will coordinate all NASA opera-
tions at PMR and provide necessary support. The Chief of the Office
also serves on the staff of the Commander, PMR.
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Goddard Space Flight Center Dedicated

NASA’s Goddard Space Flight Center was dedicated on March
16, 1961, the 35th anniversary of the world’s first flight of a liquid-
propelled rocket developed and launched by the father of American
rocketry, Dr. Robert F. Goddard. Detlev W. Bronk, President of
the National Academy of Sciences, gave the dedication address. Mrs.
Esther Goddard unveiled a bust of her late husband and received a
special gold medal authorized by Congress. The medal was presented
by Senator Robert S. Kerr, chairman of the Senate Committee on
Aeronautical and Space Sciences, and Representative Overton Brooks,
chairman of the House Committee on Science and Astronautics.

Institute for Space Studies Started by Goddard

In January 1961, the Goddard Space Flight Center established an
Institute for Space Studies in New York City to conduct theoretical
research pertaining to the space sciences. Major research areas in-
clude the internal structure of the earth, the moon, and other planetary
bodies in the solar system; the atmospheres of the earth and planets;
the interplanetary plasma; sun-earth relationships; the origin and
evolution of the solar system; astrophysics; and celestial mechanics.

NASA Headquarters, the Dolly Madison House (June 30, 1961)
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The programs of the Institute, while directly related to the experi-
mental activities at the Goddard Space Flight Center, will also be
concerned with the broader aspects of space science. The Institute
will work in close collaboration with faculties of universities in the
New York City area, and will supplement its 50-member staff by
employing scientists from the universities and from nearby technical
organizations as part-time consultants.

Organizational Changes in NASA Headquarters

Office of Programs Established

The Office of Programs was established on June 1, 1961, as a staff
office reporting directly to the Associate Administrator. Its purpose
is to pull together and evaluate information on the various technical
programs in order to aid progress toward established goals. The
Office of Programs is also responsible for budgeting and programing
the resources available to NASA. There is an Assistant Director
for each of four functional areas: Project Review, Resource Program-
ing, Management Reports, and Facilities. The functions and staff
of the Office of Program Analysis and Control and the Office of
Reliability and Systems Analysis were absorbed into the new
organization.

Office of Business Administration Redesignated

The Office of Business Administration was redesignated the Office
of Administration on June 1, 1961. It continues to perform its
previous administrative and management functions. A Headquar-
ters Procurement Branch has been set up within the Procurement
and Supply Division to carry out the research and development
procurement previously handled for NASA Headquarters by the
Goddard Space Flight Center.

Reassignment of Western Operations Office

Effective June 1, 1961, responsibility for exercising general direc-
tion of the Western Operations Office, Santa Monica, Calif., was
transferred to the Office of Administration from the Associate Ad-
ministrator. This change recognized the close relationships between
the functions, particularly procurement, assigned the Western Op-
erations Office and those of the Office of Administration and reduced
the number of organizations reporting directly to the Associate
Administrator.
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Office of Space Flight Programs Reorganized

The size, scope, and national importance of manned space flight has
led to the establishment of an Assistant Director for Manned Space
Flight Programs in the Office of Space Flight Programs. The posi-
tion of Assistant Director of Applications and Manned Flight has
bheen ahaliched . Respop_gihﬂit.y for communications and meteorology
programs was transferred to the Assistant Director for Satellites and
Sounding Rockets ; responsibility for advanced technology to a newly
established Assistant Director for Advanced Technology Programs.
The significance of advanced technical development activities has
increased continually as the space program has expanded. The new
Assistant Director, unencumbered by other organizational responsi-
bilities, will provide a focal point for these activities and will assure
development of a positive and complete program in this area.

PLUM BROOK FACILITIES,
SANDUSKY, OHIO LEWIS RESEARCH CENTER,
CLEVELAND, OHIO

HEADQUARTERS
WASHINGTON, D.C.

AMES RESEARCH CENTER
MOUNTAIN VIEW, CALIFORNIA

GODDARD SPACE
FLIGHT CENTER
GREENBELT, MD.

FLIGHT RESEARCH CENTER .
EDWARDS, CALIFORNIA WALLOPS STATION,

WALLOPS ISLAND, VIRGINIA

WESTERN OPERATIONS OFFICE

LANGLEY RESEARCH CENTER,
SANTA MONICA, CALIFORNIA

HAMPTON, VIRGINIA

JET PROPULSION LABORATORY, MARSHALL HEADQUARTERS, LAUNCH OPERATIONS
CALIFORNIA INSTITUTE OF TECHNOLOGY  SPACE FLIGHT CENTER Ag'RE‘fT“”E
PASADENA, CALIFORNIA HUNTSVILLE, ALA CAPE CANAVERAL, FLORIDA

Locations of NASA installations, June 30, 1961

Organization Chart

The attached chart illustrates NASA organizational structure as
of June 1, 1961. The functions of organizational units previously
established are set forth in earlier semiannual reports to Congress.
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CHAPTER 17

Procurement, Contracts, and Grants

Bulk of NASA Funds Goes to Industry

About 80 cents of every NASA dollar goes for contracts with indus-
try and other private organizations. During the report period, NASA
obligated approximately $588 million to fund 74,748 procurement
actions by NASA Headquarters and its eight field procurement offices.

Contract Awards

Approximately $336 million (57 percent) of the funds obligated
represented purchases and contracts placed directly with private
industry. About $18 million (3 percent) represented contracts and
research grants awarded to nonprofit institutions or organizations;
$85 million (15 percent) were obligated under contract with the
California Institute of Technology for operation of the Jet Propulsion
Laboratory; and $149 million (25 percent) were placed with or
through other Government agencies.

Methods of Awarding Contracts—Approximately $31 million (9
percent) of the direct awards to business were placed through formal
advertising for competitive bids. About $177 million (53 percent)
were placed through competitive negotiation; that is, proposals or
quotations were solicited from more than one source and the awards
were based on price, design, or technical consideration. Thus, $208
million (62 percent) of direct awards were placed through competitive
procedures.

Small Business Shares NASA Awards—NASA awarded approxi-
mately $52 million in purchases and contracts, or about 15 percent of
the total direct awards to private industry, to small business firms.
The awards were made through 45,675 procurement actions, 69 per-
cent of the total placed with business.

Approximately $4 million, representing 276 actions, of the awards
resulted from small business set-asides, that is, contracts that were
designated in advance for small business.
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The above figures include only prime contracts. In addition, large
NASA prime contractors subcontract with small business firms for
raw materials, component parts, and services.

Other Government Agencies Assist NASA Procurement

During the report, period about $149 million (25 percent of NASA’s
procurement) were placed with or through other Government agen-
cies, primarily the Department of Defense. Such purchasing accords
with NASA’s policy to avoid duplication of effort and to use existing
resources most effectively and economically. NASA procures through
the Defense Department items which the military departments,
because of their own programs, can obtain from industry most eco-
nomically. For example, NASA is procuring Agena B rockets
through the Air Force, and has transferred funds to the Army for
design, engineering services, installation, and checkout of a Saturn
test facility at Marshall Space Flight Center, Huntsville, Ala. On
the other hand, NASA is responsible for procuring Centaur for both
NASA and Air Force programs.

Research and Development Procurement

Most of NASA’s procurement is funded from its Research and
Development appropriation. During this period, such procurement
amounted to $507 million, or 86 percent of the total. Procurement
funded from the Construction and Equipment Appropriation
amounted to $71 million (12 percent). About $10 million (2 percent)
were funded from the Salaries and Expenses Appropriation.

Maijor Contract Awards

Following are some of the major research and development contracts
awarded by NASA in this report period :

(1) North American Aviation, Inc., Canoga Park, Calif., to design,
develop, and construct H-1 rocket engine for the Saturn program.
Estimated cost: $32 million.

(2) Grumman Aircraft Engineering Co., Bethpage, N.Y., to design,
develop, and construct an orbiting astronomical observatory. Esti-
mated cost : $32 million.

(3) Space Technology Laboratories, Inc., Los Angeles, Calif., to
design, develop, and construct an orbiting geophysical observatory.
Estimated cost : $25 million.

(4) Chance Vought Aircraft, Inc., Dallas, Tex., to design, develop,
and construct five Scout research vehicles. Estimated cost: $6 million.
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(5) General Electric Co., Philadelphia, Pa., to design and develop
stabilization and control subsystem for Nimbus meteorological satel-
lite. Estimated cost: $2.7 million.

Procurement Management

NASA-DOD Cooperative Procurement Arrangement

NASA and the Department of Defense jointly developed policies
and procedures to facilitate the procurement of supplies or services by
NASA from or through the military departments. These policies and
procedures are included in both NASA Procurement Regulations and
the Armed Services Procurement Regulations (ASPR).

NASA Negotiates Basic Agreements

A basic agreement is a written understanding between NASA and a
contractor setting forth negotiated contract clauses applicable to
future procurements during the term of the agreement. The basic
agreement is used in conjunction with a formal contract specifying
the requirements (such as scope of work, price, delivery, etc.) of a
particular procurement. The contract incorporates or refers to the
required or applicable clauses in the basic agreement. ‘

NASA entered a basic agreement with North American Aviation,
Inc., in February 1961, and started negotiating others with Canadian
Commercial Corp., General Electric Co., Convair Division of General
Dynamics Corp., Space Technology Laboratories, Inc., and Radio
Corp. of America.

Procurement Regulations lssued

During the report period, NASA issued regulations on small busi-
ness; price negotiation policies and techniques; review and approval
of contractors’ “make-or-buy” programs; procurement through the
military departments; contract clauses and forms; patents, data, and
copyrights; Federal, state, and local taxes; Government property ; in-
spection and acceptance; procurement forms; numbering and distri-
bution of contracts and grants; and integration of the reliability pro-
gram with the procurement of major systems. Regulations are being
drafted on terminations, responsible prospective contractors, handling
of equal or identical bids, and utilities services.
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Small Business

NASA Helps Small Business Obtain Subcontracts

NASA took a number of steps to assist small business concerns to
obtain subcontracts. All proposed unclassified NASA research and
development procurements which may result in contract awards of
$100,000 or more are listed in the “Synopsis of U.S. Government Pro-
posed Procurement, Sales, and Contract Awards,” a daily publication
of the Department of Commerce. The Synopsis summarizes requests
for proposals and lists the names and addresses of firms invited by
NASA to submit proposals. Firms interested in subcontracting can
thus get in touch with potential prime contractors directly during the
early stages of procurement.

In addition, NASA public information offices furnish, upon request,
the names of companies that attend pre-proposal briefing conferences,
and, after the closing date for receipt of proposals, the names of firms
which submitted proposals.

NASA Procurement Regulations also require contractors holding
contracts of $1 million or more to conduct, a small business program.
The Regulations specify what the contractor must do to increase sub-
contracting with small business concerns and require him to report the
amount of such subcontracting to NASA. NASA periodically reviews
the reports to determine the effectiveness of contractors’ small business
subcontracting programs.

Preliminary reports from 12 major prime contractors indicate that
about 20 percent of their awards from NASA are subcontracted to
small business firms.

Supply Mgnagement

Stores Management Manual Adopted

The NASA Storcs Management Manual, setting forth policies for
stores operations, was prepared and put into effect during the report
period. The Manual’s objectives: to achieve an optimum inventory
level by applying improved management techniques; to minimize the
cost of operating stores programs at field installations; and to estab-
lish a standard for evaluating the efficiency and effectiveness of NASA
stores operations. Significant provisions are summarized below :

(1) EOQ (Economic Order Quantity)—a system for determining
replenishment order quantities, with the aim of arriving at the lowest
total cost of procuring and carrying a stores stock item.

(2) High-sales, low-sales inventory control—a system whereby
stores items are accorded management effort in relation to their value.
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(3) Uniform commodity grouping—uniform grouping of stores
items for inventory and financial control.

(4) Uniform stock numbering—classification of stores items in
accordance with the Federal Cataloging Program.

(8) Management Reports—a series of reports to assist management
to control inventory levels and evaluate the efficiency and effectiveness
of stores operations.

Reseqrch Grqnfs and Controcts

Office is Contact Point

The Office of Research Grants and Contracts is a central point of
contact for research laboratories of other Government agencies, educa-
tional institutions, and industrial and nonprofit organizations seeking
to participate in the NASA research programs. Interested parties in
any of the above categories submit unsolicited proposals to this office,
which ensures evaluation of the proposals; awards grants and con-
tracts; and, with NASA technical groups, administers the sponsored
research.

Between October 1, 1960, and June 30, 1961, 1,106 proposals were
received by this office, and 175 research awards, totaling $16,021,000,
were made. One hundred twenty-six of these awards, totaling
$12,794,340, were made to educational or nonprofit research institu-
tions.

The awards are described and listed by state in Appendix I.
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CHAPTER 18

Financial Management

Financial Management Has Wide Impact

During the report period NASA financial management activity in-
cluded the following: Preparation, review, and internal approval of
NASA appropriation estimates for fiscal year 1962; initiation of esti-
mates for fiscal year 1963; and administration of funds appropriated
by the Congress for fiscal year 1961. Financial management also
installed an agencywide coding structure to establish uniform classi-
fication and identification of program effort throughout NASA for
purposes of planning, programing, budgeting, accounting, and
reporting. :

The financial management organization also continued the develop-
ment and refinement. of accounting and reporting systems tailored to
the needs of fast-moving programs. Of particular significance is a
contractor finance reporting system which will provide, by major
subdivisions of contract effort, information on costs to date and pro-
jected costs to completion.

The following tables depict the planned program level for fiscal
year 1962 and the financial operations of the Agency during 1961.

Fiscal Year 1962 Program

Table 8 shows the planned level of effort in the “Salaries and ex-
penses” and “Construction of facilities” appropriations and in each
program area under the “Research and development” appropriation.
These amounts are subject to reprograming during the year to meet
new or modified responsibilities and requirements.
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TABLE 3.—NASA budget estimates, fiscal year 1962

[In thousands]

Appropriations
1962 estimate
Salaries and expenses_____________________ J— $226, 686
Research and development :
Support of NASA plant____________________________ $89,110
Research grants and contracts_______________________ 7,600
Life sciences_—____________________________ ________ 20, 620
Sounding rockets_.__________________________________ 9, 000
Scientific satellites__________________________________ 72,700
Lunar and planetary exploration____________________ 159, 899
Meteorological satellites____________________________ 50, 200
Communications satellites___________________________ 4, 600
Mereury_____ 74,245
Apolle_______ ____ . 160, 000
Launch-vehicle technology__________________________ 27, 000
Launch-operations development_____________________ 1,500
Spacecraft technology______________________________ 10, 360
Solid propulsion____________________________________ 3,100
Liquid propulsion__________________________________ 93, 020
Eleetrie propulsion_________________________________ 6, 800
Nuclear-systems technology____.____________________ 36, 000
Space-power technology_____________________________ 6, 500
Scout- 3,675
Delta. ___________ . 2,900
Centawur____________________ . 56,400
Saturn_________________ . 224,160
Tracking and data acquisition____________________ 38, 650
Nova__. 48, 500
Total, research and development__________________________ 1, 295, 539
Construction of faecilities____________________________ 262, 075
Total

Financial Report, June 30, 1961

The following sets forth the total amounts of funds obligated and
expended during fiscal year 1961, together with actions pending at the
end of the fiscal year.
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TABLE 4.—NASA fiscal year 1961 program effort

{In thousands]

Total Total Pending
obliga- erpendi- commit-
Appropriations tions tures ments
Salaries and expenses_ . _______________________ $172,222 _______ $159, 142
Research and development :
Support of NASA plant____________________ 56, 173 $ 5, 635 41, 009
Support of JPL research___________________ 7,81 _______ 6, 820
Grants and econtraets______________________ 5, 335 728 4, 390
Sounding rockets__________________________ 7, 781 3, 558 7,023
Scientific satellites________________________ 37, 282 3, 758 26, 970
Lunar and planetary exploration___________ 63, 722 1,184 65, 051
Meteorology . _______ 13, 472 1,943 6, 890
Communications __________________________ 10, 763 2, 764 2, 557
Manned space flight_______________________ 71, 345 17,224 76, 948
Tracking and data acquisition_____________ 23, 712 2,430 19, 106
Launch operations development___________ __ 498 100 88
Vehicle systems technology_________________ 7, 999 418 3, 494
Solid rockets______________________________ 2, 209 334 1,478
Liquid rockets_________________.__________ 59, 122 1,638 45, 050
Nuclear systems technology._____.___________ 10, 121 4, 146 7,111
Electrie propulsion________________________ 3, 647 440 1, 443
Space power technology___________________ 4, 874 558 2, 700
Spacecraft technology_______._____________ 1,451 . ____ 1, 228
Seout ___________ . 8, 070 477 7, 789
Delta _ L. 8, 049 141 12, 627
Centaur __________________________________ 62, 761 92 49, 996
Saturn ________________ ____ ____________ 114, 539 393 76,116
Vehicle procurement_______________________ 53, 915 2, 223 16, 098
Propellant procurement__._________________ 6, 375 162 3, 910
Life sciences______________________________ 3, 983 848 1,112
Total, research and development_________ 645,019 51,194 487,004
Construction and equipment____________________ 908,226 _______ 98, 162
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CHAPTER 19

Personnel

The NASA Staff

During the report period, the roster of NASA staff members in-
creased by 1,868. Table 5 indicates the distribution of personnel
among NASA’s organizational units at the beginning and end of the
period.

NASA’s total work force of 16,995 persons on June 30, 1961, was
divided into the fo]lowmg categorles

. Scientists and engineers in aerospace technology and in related
supervisory and management positions: 5,455,
.. Engineers, mathematicians, and other technical professionals
supporting the above group : 310.
.. Scientific and engineering assistants and technicians such as
draftsmen, designers, computer specialists, and illustrators: 2,295.
.. Professional, administrative, and management positions in legal,
procurement, personnel, finance, technical information, education, and
related specialized areas: 943.
.. Clerical and administrative positions: 2,635.
. Skilled trades and crafts employees, and related skilled, semi-
Qkﬂled and unskilled laborers paid at prevailing locality rates: 5,833,

Included in the NASA staff are 116 foreign scientists and 88 m111-
tary personnel on loan from the armed services.

The staffing figures do not include 2,700 employees of the Jet Iro-
pulsion Laboratory, Pasadena, Calif., which is operated for NASA
under contract by the California Institute of Technology.
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TABLE 5.—Distribution of NASA personnel

Sept. 30, June 30,
19 1

Organizational unit 60 196
Ames Research Center— 1,417 1,462
Flight Research Center e 411 447
Goddard Space Flight Center___ 1,601 1,599
Langley Research Center—___ e 3,209 3,338
Lewls KResearch Center o oo e 2,715 2,778
Life Sciences Field Station______ —— 9
Marshall Space Flight Center_______ 5,230 5,948
Space Task Group_ ——— 794
Wallops Station __ 296 302
Western Operations Office_________ 42 60

Total, field S U R 14,921 16,732
Headquarters - 626 735
AEC-NASA Nuclear Office_ e —_— 4

Tt e e e 15. 547 17.471

Recruitment of Scientific Personnel

Expanding NASA programs increased the personnel requirements
of the Agency. During the report period, NASA representatives
sought employees at professional and technical society meetings, at
industrial firms which were reducing their staffs, and in cities con-
sidered possible sources of trained manpower. NASA recruiters also
interviewed graduating students at almost 200 colleges and universities
throughout the country. Advertising in technical and professional
journals was used in addition to recruiting visits. As a result, 984
scientists and engineers accepted employment with NASA.

Review of Work Reveals New Areas of Specidlization

An extensive review of the work of NASA scientists and engineers
revealed new areas of specialization. Subsequently, the patterns and
content. of their work were delineated and the required special skills
were identified. The identification and description of these specializa-
tions have served to increase the efficiency of personnel management
and aid in recruiting, placement, and training. In an aerospace
technology examination announcement issued December 6, 1960, the
U.S. Civil Service Commission recognized these new areas and
requirements.

NASA Astronaut and Others Honored

On May 5, 1961, Alan B. Shepard, Jr., NASA astronaut, was
awarded the NASA Distinguished Service Medal for outstanding
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contributions to the advancement of space technology and a demon-
stration of man’s capabilities in suborbital space flight.

In June 1961, Edward R. Sharp, retired Director of Lewis Research
Center, was awarded the NASA Medal for Outstanding Leadership
in the planning, construction, and operation of unique research lab-
oratories; in the training and development of men; and in the pro-
motion of public interest in support of aeronautical and space science
research.

On June 23, 1961, Dr. Henry J. E. Reid, retired former Director,
Langley Research Center, Hampton, Va., was presented the NASA
Medal for Outstanding Achievement for his role in development and
direction of the Langley Research Center as an organization which
attained worldwide recognition in scientific research in aeronautics
and space; in the training and development of other recognized
scientific leaders; and for his pioneering leadership in research on
instruments and laboratory facilities for measurement of flight vehicle
performance. :

On January 18, 1961, the American Astronautical Society presented
its Space Flight Award to Homer E. Newell, Deputy Director, Office
of Space Flight Programs. The award was made for outstanding
contributions to the field of space research.

In February 1961, John F. Parsons, Associate Director of Ames
Research Center, and Abraham Hyatt, Director of Program Planning
and Evaluation, were elected Fellows of the Institute of Aerospace
Sciences. Fellowships are limited to 10 each year.

On March 16, William J. O’Sullivan, Jr., Langley Research Center,
was presented the 1961 Astronautics Engineer Achievement Award
of the National Rocket Club. The citation reads in part: “For his
vision in conceiving the use of lightweight inflatable satellites for
study of the characteristics of the upper atmosphere and outer space
as well as their use as space relays for transcontinental and trans-
oceanic communication.” Mr. O’Sullivan is responsible for the con-
cept and directed design and development of the Echo passive
communications satellite.

On June 15, the Institute of Aerospace Sciences presented Joseph
A. Walker, NASA’s X-15 test pilot, the 1961 Octave Chanute Award
“for experimental flight testing of and engineering contributions to
high speed flight research programs, including the X-1 through the
X-15.7

On June 19, trustees of the Clifford B. Harmon Trust announced
award of the 1961 Harmon International Aviator’s Trophy for out-
standing and extraordinary feats of individual piloting skill during
1960 to Joseph A. Walker, A. Scott Crossfield of North American
Aviation, and Air Force Maj. Robert A. White. The pilots were
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cited for outstanding accomplishments in flying the rocket-powered
X-15 research airplane.

Wolfgang E. Moeckel, Chief, Electromagnetic Propulsion Division,
Lewis Research Center, and Dr. Joseph W. Siry, Chief, Theory and
Analysis Staff, Tracking and Data Systems, Goddard Space Flight
Center, were presented Arthur S. Flemming Awards on February 16,

“nn+ Mmoo T ae v cawn D ey 4
1501. These awards, sponsored by the Junior Chamber of Commerce

of Washington, D.C., honor outstanding men under 40 in the Federal
Government.

Executive Personnel Changes

On February 14, James E. Webb was sworn in as NASA Admin-
istrator. Mr. Webb had previously served the Government as Under
Secretary of State and as Director of the Bureau of the Budget under
President Truman. T. Keith Glennan, former NASA Administrator,
had resigned effective January 20. Hugh L. Dryden, NASA Deputy
Administrator, served as Acting Administrator in the interim. Mr.
Webb’s selection was announced by the President on January 30.
His nomination was sent to the Senate on February 8, and was con-
firmed the following day.

Paul G. Dembling was appointed Acting Assistant Administrator
for Congressional Relations, NASA Headquarters, on March 7, 1961.
He was formerly Assistant General Counsel.

Harold B. Finger was appointed Assistant. Director for Nuclear
Applications, Office of Launch Vehicle Programs, NASA Head-
quarters, on March 5,1961. He is Manager of the joint AEC-NASA
Space Nuclear Propulsion Office.

William A. Fleming was appointed Assistant Director for Project
Review, Office of Programs, NASA Headquarters, on June 1, 1961.
He was formerly technical assistant to the Director of Space Flight
Programs.

Abraham Hyatt was appointed Director of Program Planning and
Evaluation, NASA Headquarters, on November 30, 1961. He was
formerly Deputy Director of Launch Vehicle Programs.

Oakley B. Lloyd, Jr., was appointed Director of Public Informa-
tion, NASA Headquarters, on February 7, 1961. His former position
was staff assistant, U.S. Senate.

Robert G. Nunn, Jr., was appointed special assistant to the Admin-
istrator, NASA Headquarters, on May 4, 1961. He was formerly
Assistant General Counsel.

DeMarquis D. Wyatt was appointed Director, Office of Programs,
Office of the Associate Administrator, NASA Headquarters, on
June 1, 1961. He was formerly Assistant Director for Program
Planning and Coordination in the Office of Space Flight Programs.
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CHAPTER 20

Other Activities

Scope of Chopter

This chapter reports significant developments in (1) contributions,
(2) technical information and education, and (3) interagency
cooperation.

Contributions

Purpose and Authority

The NASA Inventions and Contributions Board (see app. D for
membership), under authority of, and in accordance with, Section
305 (f) and Section 306 of the National Aeronautics and Space Act
of 1958, evaluates for monetary awards scientific and technical con-
tributions—whether patentable or unpatentable—received from any
persom, as the term “person” is defined in the Act. Oral hearings are
granted by the Board, on request, to applicants for awards.

Contributions Awards

During the report period, 2,327 communications were received by
the Board and 1408 scientific and technical contributions were
evaluated.

On January 17, NASA presented the first contribulion award—
$3,000 to Frank T. McClure for his invention of the Satellite
Doppler Navigation System, which is the basis of the Navy’s Transit
navigation satellite program. Dr. McClure is Chairman of the Re-
search Center of Johns Hopkins University’s Applied Physics
Laboratory.

Awards to NASA Inventors

An administrative regulation of July 6, 1960, authorized the In-
ventions and Contributions Board to consider all inventions of NASA
employees for which patent applications were to be filed. Inventions
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not meriting awards under the National Aeronautics and Space Act
were to be considered for award under the Government Employees
Incentive Awards Act of 1954.

A second administrative regulation on June 27, 1961, authorizes
the Board to make cash awards up to and including $5,000 to NASA
inventors under a NASA Incentive Awards Program. The regulation
also provides that a minimum of $50 he awarded for each employee
invention on which a patent application is to be filed.

Technical Information and Education

NASA’s technical information and educational programs are de-
signed to contribute substantially toward fulfilling the provision of
the National Aeronautics and Space Act requiring that: “The
Administration . . . shall . . . provide for the widest practicable and
appropriate dissemination of information concerning its activities and
the results thereof.” The Office of Technical Information and Edu-
cational Programs made available to scientists, engineers, educators,
students, and the public at large information on NASA’s scientific
activities, and disseminated, both within the agency and externally,
technical data, including translations of foreign technical papers.

Technical Information

More Effective Documentation System.—To provide a basis for
improved bibliographic control and distribution of the enormous
quantity of data produced for the NASA technical programs, the
agency studied its technical information program and other informa-
tion services available to the aeronautics and space-science community.
One result was an invitation to prospective contractors with special
competence in data processing to submit proposals to develop a NASA
technical documentation facility. Copies of the request for proposal
were obtained by more than 80 organizations interested either in sub-
mitting proposals or in studying the scope of the program. Deadline
for submission of proposals is July 5, 1961.

The proposal requirements called for the contractor to:

... Acquire and select, in accordance with detailed NASA guides,
documentary material for NASA library collections; abstract and
index the items of value; compile indexed abstract journals to an-
nounce the newly acquired materials, and prepare the journals for
printing and distribution by NASA.

... Process selected acquisitions into microform for economical
duplication and full-size reproduction ; place copies of processed docu-
ments in the NASA library system.
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... Maintain comprehensive bibliographic records of the acquired
material and provide responsive answers to reference questions from
NASA, its contractors, and other participants in the national space
program; prepare for distribution of up-to-date bibliographies in
several preselected specialized subject areas.

...Install and operate automated and mechanized equipment to
provide management and bibliographic control of scientific and tech-
nical documents.

Foreign Scientific Information—NASA has established a clearing-
house for handling translations relevant to its technical programs, to
(1) preclude duplication of translating, (2) coordinate translation
work with other organization, and (3) provide immediate access to
translations of foreign technical information. The activity is receiv-
ing assistance from other Government agencies and private trans-
lation services. Monthly lists of completed and planned translations
are compiled for distribution to NASA centers, contractors, and coop-
erating organizations.

Translations include technical books and articles of special interest.
The English translation is distributed as a NASA Technical Trans-
lation and placed on public sale through the Office of Technical
Services, Department of Commerce. During the report period,
NASA published 25 Technical Translations.

Dissemination of Technical Information.—Technical information
generated within NASA was released to the scientific community
through Technical Reports and Technical Notes, proceedings of meet-
ings and conferences, and papers published in professional journals.

During the report period NASA distributed 483 unclassified tech-
nical publications. Each of these publications was also placed on
public sale either through the Government Printing Office or the
Office of Technical Services, Department of Commerce. In addition,
150 classified technical reports went to selected Government and other
organizations participating in U.S. aeronautic and space activities.

Results of NASA-sponsored research and development were also
discussed in more than 450 papers and articles presented at technical
meetings or published in scientific journals. Among the proceedings
published by NASA was a report on the May 5, 1961, Project Mercury
test, entitled: “Conference on Medical Results of the First U.S.
Manned Suborbital Space Flight, A Compilation of Papers Presented,
June 6,1961.”

Expansion of Ewxchange Program.—Initial steps were taken to
broaden and improve NASA’s exchange agreements with other do-
mestic and foreign scientific activities, to acquire documentary mate-
rials not available through existing publication or distribution services.
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Dictionary of Space Terms.—Basic definitions required for a review
draft of a NASA “Dictionary of Space Terms” were formulated.
Publication is scheduled for mid-1962.

Educational Services

Motion Pictures and Publications—NASA’s educational program
activities include development and production of publications and
motion pictures for nontechnical audiences and educational services
for teachers and students.

Information disseminated in the educational services program ex-
plains not only the scientific aspects of space activity but also the
social, economic, and political implications. Because of the lag be-
tween accomplishments in space science and technology and inclusion
of information on these matters in textbooks and other educational
media, NASA provides such information directly to teachers and
students as an interim measure.

Wide Range of Educational Services Provided.—Typical of educa-
tional services undertaken were :

... Consultation service, upon request, to State departments of
public instruction, colleges, universities, and other educational insti-
tutions on curriculum enrichment in space education.

... Assistance to college officials in aeronautical-space education
workshops for teachers and school administrators. NASA partici-
pated in more than 143 college and university workshops during the
summer of 1961 and provided materials for others.

... Development, through a contract with Science Service, Inc.,
Washington, D.C\, of a paperback book on the Nation’s space program
for the high school science student. First distribution is to be made
to supervisors of approximately 28,000 science clubs in high schools
throughout the country.

... Initiation of development, jointly with the National Science
Teachers Association, of a series of paperback books on space science
education. The first volume, to be issued November 1961, is entitled,
“Spacecraft.” Principal distribution will be to leaders of “Future
Scientists of America Clubs” and to high school science teachers.

... Development, through a contract with Franklin Institute,
Philadelphia, Pa., of a pilot version of a traveling space science
demonstration unit (called “Spacemobile”) to be used in high schools
and colleges throughout the country. Drawing upon experience with
the pilot unit, NASA procured three additional, improved versions.
A typical “Spacemobile” demonstration illustrates the basic princi-
ples of rocketry and the launching and orbiting of satellites and deep
space probes. Graphic portrayals employ models of such experi-
ments as TIROS, Echo, Pioneer V, Mercury, and Saturn. Three
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Spacemobiles were available for teachers’ summer workshops; their
use extended to many states (including Alaska), as well as to Puerto
Rico and the Virgin Islands.

... Arrangement for NASA participation in the National Science
Fair awards program for students. NASA awarded certificates to
two winners in each of three categories—space science, rockets, and
manned space flight—and was host to the winners and their teacher-
sponsors at NASA facilities most closely related to their science
projects.

... Initiation of research of educational space materials for even-
tual use in grade and high school courses.

... Employment of the National Aviation Education Council to
develop bibliographies of selected space-science and related books,
pamphlets, and teaching aids at the elementary, secondary, and col-
lege levels. Bibliographies for the elementary and secondary grades
were completed and distributed.

... Provision of NASA scientists and technologists, and demon-
strations, including films, models, and other materials, to educational
TV programs at State and local levels.

... Development of documentary and report motion pictures and
preparation for production of comprehensive film footage on NASA
activities for use in educational films and TV programs.

Exhib_its

Exhibits activities and resources both increased during the report
period. Exhibits were developed ranging in size from tabletop units
suitable for school-library display to comprehensive presentations,
with full-scale models, requiring as much as 3,000 square feet of dis-
play space.

To meet the growing public demand for showings of replicas of
the Project Mercury capsule, 12 new exhibits were constructed.
These include a full-scale model of the capsule, containing a manikin
astronaut, complete with space suit, helmet and boots.

The “Freedom Seven” Mercury capsule in which astronaut Alan B.
Shepard, Jr., made the first U.S. suborbital rocket flight was being
prepared for display in the Smithsonian Institution as the report
period ended.

A NASA exhibit, consisting of an 8-foot-diameter world globe en-
circled by varicolored curved tubing representing orbits of manmade
satellites, was displayed in the Chicago Museum of Science and Indus-
try, the Case Institute of Technology (Cleveland, Ohio), the Rotunda
of the Old Office Building of the House of Representatives, and at the
First National Conference on the Peaceful Uses of Outer Space, held
at Tulsa, Okla.
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NASA's World Globe exhibit in the rotunda of the Old House Office Building

Historical Program

The NASA historical program involves the following concurrent
activities: Identification and collection of program documents basic
to historical recordkeeping; collation and organization of this infor-
mation; and production of historical monographs, reports, and
analyses.

During the period, NASA issued “Aeronautics and Astronautics:
An American Chronology of Science and Technology in the Explo-
ration of Space, 1915-1960.” The hard-cover volume may be pur-
chased from the Government Printing Office at $1.75 per copy.

The Historical Office of Marshall Space Flight Center prepared the
first Semiannual History of MSFC and several specialized chronolo-
gies.

Reports

During the period, NASA issued its “Fourth Semiannual Report to
Congress—April 1, 1960, through September 30, 1960” and, with the
cooperation of other Government agencies, “Report to Congress from
the President of the United States, U.S. Aeronautics and Space Activ-
ities, January 1 to December 31, 1960.” In addition, classified quar-
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terly reports on NASA progress in aeronautics and space technology
were submitted to the President.

Interagency Cooperation and Coordination

NASA programs—because they draw together the traditional areas
of scientific study and influence political, social, commercial, and
other aspects of national and world affairs—are interrelated with the
programs of numerous other Government agencies. Accordingly,
coordination and cooperation between NASA and such agencies are
required for the most productive employment of Government re-
sources. Typical of cooperative endeavors during the report period
are the following:

National Launch Vehicle Program

On February 23, 1961, the NASA Administrator and Roswell L.
Gilpatric, Deputy Secretary of Defense, endorsed an agreement that
“neither DOD nor NASA will initiate development of a launch ve-
hicle or booster for space without the written acknowledgment of the
other agency that such a new development would be deemed consistent
with the proper objectives of the National Launch Vehicle Program.”

In another cooperative measure, NASA and the Department of
Defense agreed that a single agency should be responsible for develop-
ment and procurement of each major launch vehicle, without regard
to its intended military or civilian use. Other cooperative measures
also resulted from studies and discussions of the NASA-DOD Aero-
nauties and Astronautics Coordinating Board. (See app. C for
membership.)

Communications Satellites

On February 27, the NASA Deputy Administrator and Frederick
W. Ford, Chairman of the Federal Communications Commission,
signed a memorandum setting forth policy and delineating responsi-
bilities in civil communications satellite programs. The agencies
agreed that: (1) They would work together on space telecommunica-
tions, encouraging participation of private industry cooperating as
appropriate with other Government agencies; (2) NASA would
concentrate on advancement of technology while FCC would develop
policy and license and regulate common carriers; and (3) both agencies
would facilitate international cooperation, consistent with Depart-
ment of State policies and within the framework of U.S. goals and
obligations.
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National Operational Meteorological Satellite System

In April 1961, an interagency Panel on Operational Meteorological
Satellites recommended and described a plan for establishment of a
National Operational Meteorological Satellite System. Data from
the system would be used by all U.S. weather services and would be
provided to weather services of other nations.

Agencies participating in the panel were Department of Defense,
U.S. Weather Bureau, Federal Aviation Agency, and NASA. The
panel operated under the auspices of the National Coordinating Com-
mittee for Aviation Meteorology.

Overseas Exhibit of Freedom 7

NASA, the U.S. Information Agency, and the Department of State
arranged for exhibit of the Freedom 7 Mercury capsule at two inter-
national fairs which drew a total of 1,800,000 visitors. One was the
International Air Show, Paris, France, May 25-June 4, 1961; the
other, the Electronic and Nuclear Fair, Rome, Italy, June 13-25, 1961.
It was Freedom 7 in which astronaut Alan B. Shepard, Jr., made his
memorable ballistic flight of May 5, 1961.

Nuclear Rocket Engine Development

As the period closed, NASA and the Atomic Energy Commission
were reviewing an industrial-team study on architectural and engi-
neering requirements of a Nuclear Rocket Engine Development Fa-
cility, preparatory to designing specific buildings, test stands, utilities,
and other units. The joint AEC-NASA Space Nuclear Propulsion
Office (SNPO), which manages the nuclear-rocket program, had
directed the study.

In June 1961, SNPO announced plans to contract for initial work
in development of NERVA (Nuclear Engine for Rocket Vehicle Ap-
plication). The contractor’s tasks will include preliminary design
of, preparing detailed plans for, and certain research and develop-
ment related to NERVA; and assisting the Los Alamos Scientific
Laboratory in designing facilities and in connection with reactor
tests.

Commercial Supersonic Transport Aiircraft

On June 28, 1961, the NASA Administrator, the Federal Aviation
Agency Administrator, and the Secretary of Defense signed a report
1Funds for initial implementation of the National Operational Meteorological Satellite
System were included in a supplemental appropriations bill signed by the President in

Oct. 1961. This will be a joint NASA-U.S. Weather Bureau effort funded by the Weather
Bureau.
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of a joint study on development of a commercial supersonic transport
aircraft. In the paper, the three agencies urged the United States
to unde